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The  Massachusetts  Institute  of  Technology  held  its  first 
meeting  on  April  8»  1862.  By  the  act  of  incorporation,  which 
was  accepted  at  this  meeting,  the  Society  of  Arts  was  created 
as  a  part  of  the  Institute  coordinate  with  the  School  of  Industrial 
Science. 

The  objects  of  the  Society  are  to  awaken  and  maintain  an 
active  interest  in  the  sciences  and  their  practical  applications,  and 
to  aid  generally  in  their  advancement  in  connection  with  the  arts, 
agriculture,  manufactures,  and  commerce.  Regular  meetings  are 
held  semi-monthly  from  October  to  May. 

The  Society  discontinued  the  publication  of  the  Abstracts  of 
Proceedings  in  1891,  and  since  then  has  published  its  proceedings 
and  the  principal  papers  read  at  its  meetings  in  the  Technology 
Quarterly,  The  present  volume  contains  the  proceedings  from 
October,  1902,  to  May,  1903,  inclusive. 

The  Quarterly  contains,  also,  the  results  of  scientific  investi- 
gations carried  on  at  the  Institute,  and  other  papers  of  interest 
to  its  graduates  and  friends. 

Neither  the  Massachusetts  Institute  of  Technology  nor  the 
Society  of  Arts  assumes  any  responsibility  for  the  opinions  or 
statements  in  the  papers. 
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BV--LAIVS. 

Objects  of  the  Society. 

The  objects  of  the  Society  are  to  awaken  and  maintain  an  active 
interest  in  the  practical  sciences,  and  to  aid  generally  in  their  advance- 
ment and  development  in  connection  with  arts,  agriculture,  manufac- 
tures, and  commerce. 

The  Society  invites  all  who  have  any  valuable  knowledge  of  this 
kind,  which  they  are  willing  to  contribute,  to  attend  its  meetings  and 
become  members.  Persons  having  valuable  inventions  or  discoveries 
which  they  wish  to  explain  will  find  a  suitable  occasion  in  the  Society 
meetings,  subject  to  regulations  hereafter  provided ;  and  while  the 
Society  will  never  indorse,  by  vote  or  diploma  or  other  official  recog- 
nition, any  invention,  discovery,  theory,  or  machine,  it  will  give  every 
facility  to  those  who  wish  to  discuss  the  principles  and  intentions  of 
their  own  machines  or  inventions,  and  will  endeavor  at  its  meetings, 
or  through  properly  constituted  committees,  to  show  how  far  any 
communications  made  to  it  are  likely  to  prove  of  real  service  to  the 
community. 

Section  I.  —  Administration. 

The  immediate  management  and  control  of  the  affairs  of  the 
Society  of  Arts  shall  be  exercised  by  an  Executive  Committee,  con- 
sisting of  the  President  of  the  Institute  and  the  Secretary  of  the 
Society  (who  shall  be  members  ex  officiis),  and  five  other  members, 
who  shall  be  elected  by  the  Society  of  Arts  at  each  annual  meeting, 
to  continue  in  office  until  other  persons  have  been  chosen  in  their 
place. 

Sect.  II.  —  Duties  of  the  Executive  Committee. 

The  Executive  Committee  shall  elect  its  chairman,  prescribe  his 
duties,  and,  with  the  concurrence  of  the  Treasurer  of  the  Institute, 
fix  his  compensation  when  the  interests  of  the   Society  require  that 
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he  should  be  paid  for  his  services ;  they  may  invite  any  person  to 
preside  at  any  ordinary  meeting  who  is  well  versed  in  the  subjects 
to  be  discussed;  they  shall  appoint  the  days  and  times  of  meeting, 
when  not  fixed  by  the  Society,  and  determine  the  subjects  to  be  con- 
sidered at  the  meetings  and  the  mode  of  conducting  the  discussions; 
they  may,  with  the  concurrence  of  the  President  of  the  Institute, 
make  such  arrangements  for  reporting  and  publishing  the  proceedings 
of  the  Society  as  they  may  deem  best  suited  to  advance  its  interests ; 
they  may  receive  moneys  in  behalf  of  the  Society  in  aid  of  its  objects, 
by  subscription,  donation,  or  bequest ;  they  shall  make  a  report  of 
their  doings  to  the  Society  at  its  annual  meeting  and  at  such  other 
times  as  a  report  may  be  called  for  by  a  majority  of  the  members  pres- 
ent at  any  meeting;  they  shall  also  make  a  report  of  their  doings  to 
the  President  of  the  Institute  prior  to  the  annual  meeting,  and  at  such 
other  times  as  the  Corporation  may  require  it.  Three  members  shall 
constitute  a  quorum  for  the  transaction  of  business. 

Sect.  III.  —  Duties  of  the  President  and  Secretary. 

1 .  It  shall  be  the  duty  of  the  President  of  the  Institute  to  preside 
at  the  annual  and  the  special  meetings  of  the  Society,  and  also  at  its 
ordinary  meetings  when  the  Executive  Committee  does  not  invite  a 
special  chairman  to  preside. 

2.  It  shall  be  the  duty  of  the  Secretary  of  the  Society  to  give 
notice  of  and  attend  all  meetings  of  the  Society  and  of  the  Executive 
Committee ;  to  keep  a  record  of  the  business  and  orders  of  each  meet- 
ing, and  read  the  same  at  the  next  meeting ;  to  keep  a  list  of  the  mem- 
bers of  the  Society,  and  notify  them  of  their  election  and  of  their 
appointment  on  committees ;  and  generally  to  devote  his  best  eifforts, 
under  the  direction  of  the  Executive  Committee,  to  forwarding  the 
business  and  advancing  the  interests  of  the  Society.  He  shall  also 
record  the  names  of  the  Executive  Committee  attending  each  meeting. 

Sect.  IV.  —  Funds  of  the  Society. 

All  the  fees  and  assessments  of  members,  and  all  moneys  received 
by  subscription,  donation,  or  otherwise,  in  aid  of  the  Society,  shall  be 
paid  into  the  treasury  of  the  Corporation,  to  be  held  and  used  for  the 
objects  of  the  Society  under  the  direction  of   the  Executive  Commit- 
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tee,  and  shall  be  subject  to  the  order  of  its  Chairman,  countersigned 
by  the  President  of  the  Corporation. 

Sect.  V.  —  Meetings  of  the  Societv. 

1.  The  annual  meeting  of  the  'Society  shall  be  held  at  the  Insti- 
tute on  the  second  Thursday  in  May.  The  ordinary  meetings  shall  be 
held  semi-monthly,  or  whenever  deemed  expedient  by  the  Society  or 
by  the  Executive  Committee,  excepting  in  the  months  of  June,  July, 
August,  and  September. 

2.  If  from  any  cause  the  annual  meeting  shall  not  have  been 
duly  notified  or  held  as  above  required,  the  same  shall  be  notified  and 
held  at  such  time  as  the  Executive  Committee  may  direct. 

3.  A  special  meeting  of  the  Society  may  at  any  time  be  called  by 
the  Secretary  on  a  written  request  of  ten  members.  Twelve  members 
of  the  Society  shall  constitute  a  quorum  for  the  transaction  of  business. 

Sect.  VI.  —  Members  and  Their  Election. 

1.  Members  of  the  Society  of  Arts  shall  be  of  three  kinds  — 
Associate,  Corresponding,  and  Honorary  Members. 

2.  Candidates  for  Associate  Membership  shall  be  recommended  by 
not  less  than  two  members,  whose  signatures  shall  be  affixed  to  a  writ- 
ten or  printed  form  to  that  effect.  Each  nomination  shall  be  referred 
to  the  Executive  Committee,  and  when  reported  favorably  upon  by 
them,  and  read  by  the  Secretary,  may  be  acted  upon  at  the  same 
meeting;  the  election  shall  be  conducted  by  ballot,  and  affirmative 
votes  to  the  number  of  three-fourths  of  the  votes  cast  shall  be  neces- 
sary for  an  election. 

3.  Corresponding  and  Honorary  Members  may  be  elected  in  the 
same  way,  on  nomination  by  the  Executive  Committee. 

4.  Associate  Members  shall  pay  an  admission  fee  of  three  dollars 
before  being  entitled  to  the  privileges  of  membership,  and  an  annual 
assessment  of  three  dollars  on  the  first  of  October  of  each  year,  this 
sum  to  include  subscription  to  the  Technology  Quarterly  and  Proceed- 
ings of  the  Society  of  Arts, 

An  Associate  Member  who  shall  have  paid  at  any  one  time  the 
sum  of  fifty  dollars,  or  annual  assessments  for  twenty  years,  shall 
become  a  member  for  life,  and  be  thereafter  exempted  from  annual 
assessments 
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A  member  neglecting  to  pay  his  annual  assessment  for  six  months 
after  being  notified  that  the  same  is  due  shall  be  regarded  as  having 
withdrawn  his  membership,  unless  otherwise  decided  by  the  Execu- 
tive Committee,  which  shall  be  authorized,  for  cause  shown,  to  remit 
the  assessments  for  any  one  year ;  and  which  shall  moreover  be  em- 
powered to  exempt  particular  members  from  assessments  whenever 
their  claims  and  the  interests  of  the  Society  make  it  proper  to  do  so. 

Sect.  VII.  —  Election  of  the  Executive  Committee  and  of 

THE  Secretary. 

1.  At  an  ordinary  meeting  of  the  Society,  preceding  the  annual 
meeting,  a  nominating  committee  of  five  shall  be  chosen,  whose  duty 
it  shall  be  to  nominate  candidates  for  the  Executive  Committee,  to  post 
a  list  of  the  names  selected  in  the  office  of  the  Secretary,  and  to  fur- 
nish printed. copies  thereof  to  the  members  at  or  before  the  time  of 
election. 

2.  At  a  meeting  at  which  an  election  is  to  take  place  the  presiding 
officer  shall  appoint  a  committee  to  collect  and  count  the  votes  and 
report  the  names  and  the  number  of  votes  for  each  candidate,  where- 
upon he  shall  announce  the  same  to  the  meeting. 

3.  A  majority  of  the  votes  cast  shall  be  necessary  to  an  election. 

4.  In  the  first  organization  under  these  By-Laws,  the  Executive 
Committee  may  be  elected  at  an  ordinary  or  special  meeting. 

5.  Vacancies  in  the  committee  occurring  during  the  year  may  be 
tilled  by  the  Society  at  an  ordinary  meeting. 

6.  The  Secretary  shall  be  elected  by  the  Society,  on  nomination 
by  the  Executive  Committee,  at  each  annual  meeting  of  the  Society, 
or,  in  case  of  a  vacancy  during  the  session,  at  such  other  time  as  the 
Executive  Committee  may  appoint ;  and  he  shall  be  reeligible  in  the 
same  way  at  the  pleasure  of  the  Society. 

7.  The  compensation  of  the  Secretary  shall  be  fixed  from  year  to 
year  by  the  Executive  Committee  with  the  concurrence  of  the  Treas- 
urer of  the  Institute. 

Sect.  VIII.  —  Committees  of  Arts. 

I.  The  Members  of  the  Society  of  Arts  may  be  enrolled  in  divi- 
sions, under  the  following  heads,  according  to  the  taste  or  preference  of 
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the  individual ;  each  division  to  constitute  a  committee  upon  the  sub- 
jects to  which  it  appertains : 

(i)  On  Mineral  Materials,  Mining,  and  the  Manufacture  of  Iron, 
Copper,  and  other  Metals. 

(2)  On  Organic  Materials  —  their  culture  and  preparation. 

(3)  On  Tools  and  Implements. 

(4)  On  Machinery  and  Motive  Powers. 

(5)  On  Textile  Manufactures. 

(6)  On  Manufactures  of  Wood,  Leather,  Paper,  India  Rubber,  and 
Gutta  Percha. 

(7)  On  Pottery,  Glass,  Jewelry,  and  works  in  the  Precious  Metals. 

(8)  On  Chemical  Products  and  Processes. 

(9)  On  Household  Economy ;  including  Warming,  Illumination, 
Water-Supply,  Drainage,  Ventilation,  and  the  Preparation  and  Preser- 
vation of  Food. 

(10)  On  Engineering,  Architecture,  and  Ship-building. 

(11)  On  Commerce,  Marine  Navigation,  and  Inland  Transporta- 
tion. 

(12)  On  Agriculture  and  Rural  Affairs. 

(13)  On  the  Graphic  and  Fine  Arts. 

(14)  On  Ordnance,  Firearms,  and  Military  Equipments. 

(15)  On  Physical  Apparatus. 

2.  Any  member  may  belong  to  more  than  one  of  the  above-named 
Committees  of  Arts,  but  shall  not  at  the  same  time  be  eligible  as  chair- 
man in  more  than  one. 

3.  It  shall  be  competent  for  each  Committee  of  Arts,  of  ten  or 
more  members  entitled  to  vote,  to  organize ;  to  elect  annually  in  Octo- 
ber, or  whenever  a  vacancy  shall  occur,  a  chairman ;  to  appoint  its  own 
meetings;  and  to  frame  its  own  By-Laws,  provided  the  same  do  not 
conflict  with  the  regulations  of  the  Society  of  Arts. 

Sect.  IX. — Amendment  and  Repeal. 

I.  These  By-Laws  may  be  amended  or  repealed,  or  other  pro- 
visions added,  by  a  vote  of  three-fourths  of  the  members  present  at 
any  regular  meeting  of  the  Society  ;  provided  that  such  changes  shall 
have  been  recommended  and  approved  in  accordance  with  the  By-Laws 
of     the    Corporation   (see   extract    from   By-Laws   of    Corporation   as 
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printed   below)   and   presented   in  writing  at  a   preceding  meeting  of 
the  Society. 

2.  These  By-Laws  shall  take  effect  immediately  after  their  ap- 
proval by  the  Corporation  and  adoption  by  the  Society,  and  all  previous 
By-Laws  are  hereby  repealed. 

As  amended  December  g,  iBgj. 


Extract  from  the  By-Laws  of  the  Corporation. 

Sect.  VL  —  There  shall  be  a  Committee  on  the  Society  of  Arts 
consisting  of  five  members,  appointed  at  the  annual  meeting  of  the 
Corporation,  to  hold  office  for  one  year,  who  shall  have  the  general 
charge  and  supervision  of  the  organization  and  proceedings  of  the 
Society,  subject  to  the  approval  of  the  Corporation.  It  shall  be  their 
duty,  in  connection  with  a  committee  chosen  by  the  Society,  to  frame 
By-Laws  for  the  government  of  the  Society,  which  shall  take  effect 
when  adopted  by  the  Society  and  approved  by  the  Corporation. 

Revised  February  /,  i8g4. 
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PROCEEDINGS   OF   THE   SOCIETY  OF  ARTS, 


FORTY-FIRST  YEAR,  iqo2-iqo3. 


Boston,  October  9,  1902. 

The  s69th  regular  meeting  of  the  Society  of  Arts  was  held  on 
Thursday  evening,  October  9th,  in  the  Lowell  Building,  President 
Pritchett  presiding.  Three  hundred  persons  were  present.  The  min- 
utes of  the  last  meeting  were  read  and  approved.  The  resignation 
of  Dr.  G.  V.  Wendell  having  been  received  and  accepted,  the  Exec- 
utive Committee  proposed  the  nomination  of  Dr.  J.  F.  Norris  for 
the  office  of  Secretary  for  the  year  1902- 1903.  On  the  motion  of 
Mr.  Munroe,  it  was  voted  to  instruct  the  Secretary  to  cast  the  bal- 
lot of  the  Society  for  Dr.  Norris. 

The  address  of  the  evening  was  then  delivered  by  Professor  Louis 
Duncan,  Director  of  the  Department  of  Electrical  Engineering  of  the 
Institute,  on  '*  Long  Distance  Electric  Railroading."  The  address 
will  appear  in  the  next  number  of  the  Technology  Quarterly.* 


1  Technology  Quarterly,  Vol.  XV,  No.  4,  Dec,  1902,  pp.  317-325. 


2  Proceedings  of  the  Society  of  Arts, 

Boston,  October  23,  1902. 

The  S70th  regular  meeting  of  the  Society  of  Arts  was  held  on 
Thursday  evening,  October  23d,  in  Room  22,  Walker  Building,  Pro- 
fessor Niles  in  the  chair.  One  hundred  and  fifty  persons  were  pres- 
ent. The  minutes  of  the  previous  meeting  were  read  and  approved. 
The  following  named  gentlemen  were  elected  Associate  Members  of 
the  Society :  Mr.  Thomas  M.  Roberts,  General  Electric  Company, 
Mr.  Hezekiah  Bissell,  Chief  Engineer,  Boston  &  Maine  Railroad. 

Mr.  John  G.  Jack,  of  the  Arnold  Arboretum,  addressed  the  So- 
ciety on  "The  Identification  of  Our  Woody  Plants  in  Winter." 

A  vote  of  thanks  was  tendered  to  the  speaker,  and  the  meeting 
adjourned. 


Boston,  November  13,  1902. 
The  571st  regular  meeting  of  the  Society  of  Arts  was  held  on 
Thursday  evening,  November  13,  in  Room  22,  Walker  Building,  ninety- 
five  persons  being  present.  Professor  Clifford  presided.  After  the 
minutes  of  the  previous  meeting  were  read  and  approved,  the  follow- 
ing paper  was  presented,  by  title,  "  Some  Notes  on  Several  Types 
of  Mantles  for  Incandescent  Gas  Burners,"  by  Mr.  William  Lincoln 
Smith.  Mr.  George  H.  Bartlett,  Principal  of  the  Massachusetts  Nor- 
mal Art  School,  then  addressed  the  Society  on  "The  Art  of  Lithog- 
raphy." The  technical  side  of  the  art  was  fully  discussed  and  all 
the  materials  employed  in  the  process  were  shown  and  their  use 
explained.  A  large  number  of  unusually  beautiful  lithographs  were 
exhibited.  A  vote  of  thanks  was  tendered  the  speaker,  and  the 
meeting  adjourned. 


Boston,  November  28,  1902. 
The  572d  regular  meeting  of  the  Society  of  Arts  was  held  on 
Friday  evening,  November  28th,  in  Room  22,  Walker  Building,  Pro- 
fessor Peabody  in  the  chair.  Three  hundred  and  twenty  persons  were 
present.  The  minutes  of  the  previous  meeting  were  read  and  ap- 
proved. Mr.  W.  Starling  Burgess  then  addressed  the  Society  on 
"The  Designing  of  Small  Racing  Yachts."  The  lecture  was  illus- 
trated with  lantern  slides,  and  a  number  of  models  were  shown.  A 
vote  of  thanks  was  tendered  to  the  speaker,  and  the  meeting  adjourned. 
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Boston,  December  11,  1902. 
The  5 73d  regular  meeting  of  the  Society  of  Arts  was  held  on 
Thursday  evening,  December  i  ith,  in  Room  22,  Walker  Building, 
Professor  Talbot  in  the  chair.  One  hundred  and  seventy-five  persons 
were  present.  After  the  minutes  of  the  previous  meeting  were  read 
and  approved,  Professor  R.  W.  Wood  of  Johns  Hopkins  University 
addressed  the  Society  on  «*A  Substance  with  Remarkable  Optical 
Properties  and  a  Screen  Transparent  to  Ultra-violet  Light  Only." 
Professor  Wood  also  gave  an  account  of  his  diffraction  process  for 
color  photography.  The  lecture  was  illustrated  with  lantern  slides, 
and  a  number  of  experiments  were  shown.  A  vote  of  thanks  was 
tendered  the  speaker,  and  the  meeting  adjourned. 


Boston,  January  8,  1903. 

The  574th  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Thursday  evening,  January  8th,  one 
hundred  and  fifty  persons  being  present.  President  Pritchett  presided. 
After  the  minutes  of  the  previous  meeting  had  been  read  and  ap- 
proved, Mr.  S.  K.  Humphrey  was  elected  to  Associate  Membership 
in  the  Society. 

Mr.  O.  H.  Tittmann,  Superintendent  of  the  Uuited  States  Coast 
and  Geodetic  Survey,  then  addressed  the  Society  on  "The  Coast 
Survey  and  Its  Work."  A  vote  of  thanks  was  tendered  the  speaker, 
and  the  meeting  adjourned. 

James  F.  N orris,  Secretary, 


Henry  Fay^  A.  W,  HigginSy  and  F.  W,  Cobum. 


CONTRIBUXrONS    FROM   THE    MeTALLOGRAPHICAL    LABORATORY    OF    THE 

Massachusetts  Institute  of  Technology. 

A  STUDY  OF  THE  RELATIONS  BETWEEN  THE  MICRO^ 
STRUCTURE,  THE  HEAT  TREATMENT,  AND  THE 
PHYSICAL   PROPERTIES   OF  AXLE   STEEL, 

By  HENRY  FAY,  A.  W.  HIGGINS,  and  F.  W.  COBURN. 

This  investigation  was  undertaken  with  the  idea  of  studying  the 
physical  properties  of  some  steel  such  as  is  used  in  the  manufacture 
of  axles,  and  the  influence  of  varying  heat  treatment  upon  the  strength^ 
ductility,  and  microstructure.  General  laws  have  been  established  by 
Chernoff  ^  ar^d  Brinnell  ^  in  regard  to  the  relations  between  heat  treat- 
ment and  structiu*e  which  show  an  intimate  relationship  between  the 
structure  as  shown  in  the  fracture,  and  the  temperature  to  which  the 
material  has  been  heated.  Chernoff  clearly  observed  the  methods 
necessary  to  prevent  coarse  crystallization  and  stated  the  color  tem- 
peratures at  which  the  material  must  be  worked  in  order  to  obtain  the 
most  satisfactory  results.  Crystalline  structure,  according  to  him„ 
was  prevented  by  heating  the  ingot  to  a  cherry  red,  at  which  tem- 
perature a  fine-grained  and  strong  product  was  produced ;  by  hammer- 
ing at  a  high  temperature  and  continuing  the  work  down  to  a  certain 
point,  which  varied  with  different  steels ;  and  by  rapid  cooling.  The 
point  at  which  these  changes  are  produced  is  the  lower,  the  higher 
the  carbon  of  the  steel. 

Brinnell   practically    reaches    identical    conclusions,    but    he    goes 
further  and  connects  the  change  of  coarse-grained  material  into  fine 


^The  Structure  of  Cast  Steel  Ingots.  Proc.  Inst,  of  Mech.  Eng.,  January,  1880;  trans- 
lated from  the  Russian  by  W.  Anderson.  The  Manufacture  of  Steel  and  the  Mode  of 
Working  It.     Proc.  Inst,  of  Mech.  Eng.,  April,  1880;  translated  by  W.  Anderson. 

2  The  Changes  in  the  Texture  of  Steel  on  Heating  and  on  Cooling.  Abstracted  in  J. 
Iron  and  Steel  Inst.,  1886,  No.  I,  365. 
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with  the  transition  of  hardening  carbon  into  cement  carbon.  The 
transition  point  he  found  to  vary  with  the  rate  of  heating  or  cooling. 
In  the  transformation  of  hardening  into  cement  carbon,  rapid  cool- 
ing from  a  high  temperature  lowered  this  transition  point  to  a  lower 
temperature  than  it  would  be  if  the  ingot  were  allowed  to  cool  slowly 
from  the  same  temperature.  He  further  points  out  the  relations  be- 
tween the  size  of  the  grains  and  the  temperature,  the  coarsest  being 
obtained  at  the  highest  temperature,  and  the  structure  remains  coarse 
whether  the  material  is  cooled  rapidly  or  slowly  from  this  temper- 
ature. 

These  investigations  of  Brinnell  and  Chernoff  have  been  the  land- 
marks from  which  subsequent  investigators  have  taken  their  cue. 
For  the  most  part  these  results  have  been  verified  and  confirmed  by 
others.  Osmond,  Howe,  Sauveur,  and  others  have  published  results 
in  regard  to  steels  containing  particular  percentages  of  carbon,  and 
have  shown  the  relation  between  the  heat  treatment  of  these  steels 
and  their  microstructure. 

An  apparent  exception  to  the  confirmation  of  these  generalizations 
is  the  work  of  Stead ^  on  very  low  carbon  steels..  The  results  of  his 
experiments  show  that  in  carbonless  pure  irons  or  steels  the  grains 
increase  in  size  slowly  at  500°,  and  more  rapidly  at  from  650°  to 
750°,  and  that  it  is  possible  by  heating  at  700°  for  a  few  hours  to 
develop  granular  masses  of  exceeding  coarseness.  At  900°  the  gran- 
ules again  become  small,  and  heating  to  1,200*^  does  not  change  them. 
This  is  an  exception  to  the  general  laws  established  by  Brinnell, 
Chernoff,  and  others,  but  it  must  be  remembered  that  the  work  of 
Stead  was  carried  on  with  nearly  pure  irons,  and  it  is  not  improbable, 
as  he  has  shown,  that  the  gases  of  the  furnace  have  something  to  do 
with  this  peculiar  effect. 

Various  systematic  researches  have  been  carried  on  with  steels 
containing  varying  amounts  of  carbon,  all  of  which  seemed  to  confirm 
the  general  laws  as  enunciated  by  Chernoff  and  Brinnell.  There  can 
hardly  be  any  doubt  that  there  is  a  very  close  relationship  existing 
between  the  properties  of  any  particular  steel  and  the  temperature  to 
which  it  has  been  heated.  In  order  to  establish  these  relations  for 
a  steel  such  as  may  be  used  for  axles,  we  selected  a  material  of  the 
following  composition : 


^  J.  Iron  and  Steel  Inst.,  1898.,  No.  I.,  145. 
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Carbon     .     . 

0.41    percent 

Manganese    . 

.     0.58 

Silicon      .     . 

.     0.023       " 

Sulphur   .     . 

.     0.034 

Phosphorus  . 

.     0.037       *' 

This  material  is  technically  known  as  "  machinery  steel,"  and  is  used 
for  a  great  variety  of  purposes.  The  specimens  used  were  in  the 
form  of  bars  18  inches  long  and  i^  inches  in  diameter.  We  wish 
to  express  our  indebtedness  to  the  Midvale  Steel  Co.  for  so  kindly 
furnishing  this  material. 

The  heat  treatment  of  these  bars  was  carried  on  in  an  electrically 
heated  furnace  similar  to  the  one  used  by  Fay  and  Badlara^  in  their 
work  on  low  carbon  steel.  The  current  was  taken  from  the  iio- 
volt  circuit  and  was  used  in  series  with  a  German  silver  rheostat. 
For  delicate  adjustment  a  second  rheostat  was  sometimes  used. 

Temperatures  were  measured  by  a  Le  Chatelier  thermo-electric 
pyrometer.  As  our  furnace  was  used  in  connection  with  two  similar 
furnaces,  the  lead  wires  from  each  passing  to  the  galvanometer  were 
so  arranged  that  the  temperature  of  any  one  of  the  three  furnaces 
could  be  read  by  closing  a  switch  connecting  that  furnace  with  the 
galvanometer.  The  junction  was  held  in  place  by  an  iron  tube  pass- 
ing through  the  plug  which  closed  the  furnace,  and  was  so  arranged 
that  when  the  furnace  was  closed,  the  end  of  the  junction  rested 
within  a  quarter  of  an  inch  of  the  middle  part  of  the  bar  being 
heated.  The  pyrometer  was  calibrated  against  boiling  water,  boiling 
sulphur,  freezing  aluminium,  and  freezing  gold. 

Before  subjecting  any  of  the  bars  to  heat  treatment,  the  critical 
points  of  the  steel  were  determined.  Two  cross  sections  were  cut, 
one  inch  in  length.  Between  these  clean  surfaces  the  junction  was 
laid,  and  the  two  pieces  were  then  bound  together  by  means  of  an 
iron  wire.  The  specimen  was  then  heated  in  an  air  blast  furnace  to 
about  1000°  and  readings  were  made  on  the  galvanometer  scale  dur- 
ing the  cooling.  It  will  be  seen  from  Figure  i,  in  which  temper- 
atures are  plotted  as  ordinates  and  time  in  seconds  as  abscissae,  that 
the  Arj  point  is  very  well  marked  at  670°,  but  the  Argg  point  is 
not  so  well  developed  at  745°. 


^Tech.  Quart.,  13,  295. 
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The  bars  were  divided  into  three  series,  and  each  series  sub- 
jected to  a  similar  heat  treatment.  Bars  i  to  4  inclusive  were 
heated  respectively  to  700^,  800°,  900°,  and  1,000°,  held  at  the  re- 
spective temperature  for  four  hours,  and  cooled  in  the  furnace.  Num- 
bers 5  to  9  inclusive  were  heated  respectively  to  650°,  700°,  800°, 
900°  and  1,000°,  removed  from  the  furnace  when  the  proper  temper- 
ature was  attained  and  allowed  to  cool  in  the  air.  Bars  10  to  16 
inclusive  were  allowed  to  cool  in  the  furnace,  after  being  heated  re- 
spectively to   650°,    700°,    750°,   800°,   900°,  970°,  and    1,000°.     In 
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Fig.  I.  —  Curve  of  Cooling,  Showing  Critical  Points. 


each  case  the  bar  was  put  in  the  furnace  cold  and  was  brought 
slowly  to  the  required  temperature.  The  temperatures  could  be  reg- 
ulated almost  perfectly  by  slightly  changing  the  outside  resistance. 
The  rate  of  heating  in  each  case  was  made  as  uniform  as  possible. 
Where  bars  were  allowed  to  cool  in  the  furnace,  the  time  of  pass- 
ing from  the  maximum  to  room  temperature  varied  from  12  to  18 
hours. 

For  the  mechanical  tests  each  specimen  was  turned  down  at 
each  end  for  a  distance  -of  4  inches  to  i|  inches  in  diameter  and 
the  central  part  of  10  inches  was  turned  to  a  diameter  of  i  inch.  A 
50-ton  Olsen  machine  run  by  an  electric  motor  furnished  the  means 
of    breaking   the    specimens,   and    could    be    run   at   variable   speeds. 
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Slow  speed  was  used  and  readings  of  the  micrometer  were  taken  at 
intervals,  beginning  at  2,ocx)  pounds  load. 

Specimens  for  microscopical  examination  were  cut  from  the  shoul- 
der of  the  broken  bar.  They  were  polished  to  a  mirror  surface,  and 
then  etched  by  rubbing  over  a  chamois-covered  block  on  which  was 
some  rouge  and  a  very  dilute  ammonium  nitrate  solution.  In  some 
cases  this  means  of  etching  did  not  produce  enough  contrast  in  the 
constituents  for  photographic  purposes  and  this  was  accomplished 
by  dipping  the  specimen  momentarily  in  nitric  acid  and  rapidly 
washing  in  running  water. 

Discussion  of  Results. 

The  results  of  the  various  tests  are  shown  in  Table  No.  I.  and 
by  the  various  curves  showing  graphically  the  values  for  tensile 
strength,  elastic  limit,  elongation,  and  reduction  of  area.  The  orig- 
inal  steel  gave  a  higher  tensile  strength  than  any  of  the  other  bars. 
Its  microstructure,  Figure  4,  showed  a  very  uniform  distribution  of 
ferrite  and  pearlite,  and  gave  the  suggestion  of  having  been  worked 
to  a  fairly  low  temperature.  That  the  original  steel  showed  higher 
tensile  strength  than  any  of  the  other  specimens  is  perfectly  natural. 
It  was  probably  worked  through  that  interval  where  crystallization 
usually  takes  place  on  slow  cooling,  viz.,  from  1,000°  to  Ar^.  This 
work  performed  on  the  material  in  rolling  it  into  round  bars  pre- 
vented crystallization,  and  it  was  probably  allowed  to  cool  without 
being  worked  from  Ar^,  which  would  be  the  best  condition'  for  pro- 
ducing good  material.  Any  heat  treatment  above  Ar^  would  of  course 
destroy  this  structure,  and  consequently  all  results  are  only  relative 
to  those  obtained  on  the  original  specimen.  In  Series  A,  in  which  the 
bars  were  held  at  varying  temperatures  for  four  hours  in  the  furnace, 
bar  No.  i,  heated  approximately  to  Ac^,  did  not  show  great  change 
either  in  physical  properties  or  in  microstructure.  In  bar  No.  2,  heated 
to  800°  for  four  hours,  there  was  a  considerable  falling  off  in  tensile 
strength  and  elastic  limit,  and  the  microstructure  began  to  show 
signs  of  diffusion  which  became  more  marked  in  the  specimen 
heated  to  900°.  In  No.  3  there  was  still  further  reduction  of  the 
tensile  strength,  accompanied  by  reduction  in  the  elongation  and 
increase  in  the  contraction  of  area.  The  microstructure,  Figure  7, 
showed  a  peculiar  appearance  in  which  there  was  very  little  distinc- 
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Graphical  Representation  of  Results  Given  in  Table  I. 


Fig.  2. 

Series  A.  Long  dash  line.     Bars  held  at  maximum  and  cooled  in  furnace. 

Series  B.  Continuous  line.     Bars  cooled  in  air. 

Series  C.  Dotted  line.     Bars  heated  to  maximum  and  cooled  in  furnace. 
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Fig.  3.  —  Graphical  Representation  of  Results  Given  in  Table  I.  —  Continued. 

Series  A.     Long  dash  line. 
Series  B.     Continuous  line. 
Series  C.     Dotted  line. 
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tion  between  the  ferrite  and  pearlite,  which  would  seem  to  indicate 
that  complete  diffusion  had  taken  place  at  this  temperature  and  that 
there  had  not  been  the  subsequent  readjustment  between  the  ferrite 
and  pearlite.  Specimens  8  and  14,  Figures  10  and  13,  show  this  same 
peculiarity.  It  does  not  seem  so  surprising  that  readjustment  had 
not  taken  place  in  the  bar  which  was  allowed  to  cool  in  the  air,  but 
for  those  which  cooled  in  the  furnace  there  would  seem  to  be  plenty 
of  time  for  the  redistribution  of  the  constituents,  ferrite  and  pearlite. 
This  phenomenon  has  been  observed  previously  by  Goransson^  and 
remarked  upon  by  Howe.  The  material  in  which  it  was  noticed  was 
in  a  hyper-eutectic  steel  containing  1.2  per  cent,  of  carbon. 


Fig.  4.  —  Original  Specimen.     X  70. 


Fig.  5.  —  Specimen  No.   i.     X  70. 
Held  4  hours  at  700°  and  cooled  in  furnace. 


That  this  is  a  diffusion  process  seems  to  be  indicated  further  by 
the  appearance  of  specimens  4,  9,  15,  and  16,  Figures  8,  11,  14,  and 
1 5,  in  which  it  will  be  observed  that  the  ferrite  and  pearlite  have  begun 
to  segregate  in  separate  masses.  In  specimen  No.  9,  this  segrega- 
tion seems  to  be  shown  in  the  process  of  taking  place.  The  small 
patches  of  pearlite  seem  to  be  diffusing  into  the  larger  areas.  This 
particular  phase  of  the  problem  will  be  dealt  with  in  detail  when 
considering  that  particular  specimen. 

In  bar  No.  4  of  the  series  heated  four  hours,  the  microstructure 
shows  dense  masses  of  segregated  pearlite,  this  structure  being  char- 
acteristic of  all  of  the  pieces  heated  to  1,000°.     The  tensile  strength 


^  Trans.  Am.  Inst.  Min.  Eng.,  1902. 
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Fig.  6.  —  Specimen  No.  2.     X  70. 
Held  4  hours  at  Soo*'  and  cooled  in  furnace. 


Fig.  7.  —  Specimen  No.  3.     X  70. 
Held  4  hours  at  900°  and  cooled  in  furnace. 


Fig.  8.  —  Specimen  No.  4.     X  70. 
Held  4  hours  at  1000°  and  cooled  in  furnace. 


Fig.  9.  —  Specimen  No.  7.     X  70. 
Cooled  in  air  from  800°. 


Fig.  10.  —  Specimen  No.  8.     X  70. 
Cooled  in  air  from  900°. 


Fig.  11.  —  Specimen  No.  9.     X  7a 
Cooled  in  air  from  1000°. 


14  Henry  Fay,  A.  IV.  Higgins,  and  R  IV.  Cobum. 

is  higher  than  in  the  piece  heated  to  900°.  This  is  in  accord  with 
some  other  work  in  which  this  higher  temperature  seems  to  give 
increased  strength.  This  high  strength  does  not,  however,  necessa- 
rily indicate  good  material.  The  other  properties  must  also  be  taken 
into  consideration.  In  Series  B,  in  which  the  bars  were  heated  to 
definite  temperatures  and  allowed  to  cool  in  the  air  from  that  tem- 
perature, the  physical  properties  are  in  most  respects  more  desir- 
able, than  for  the  bars  allowed  to  cool  in  the  furnace.  The  tensile 
strength  and  elastic  limit  are  uniformly  higher,  as  might  be  expected. 
The  more  rapid  cooling  in  this  case  gives  much  less  time  for  crys- 
tallization to  take  place.  The  maximum  elastic  limit  for  the  series 
is  obtained  at  800°,  and  it  is  to  be  observed  that  this  would  be  indi- 
cated by  the  microstructure,  Figure  9,  which  is  very  fine  and  uni- 
form. Rather  surprising  is  the;  fact  that  the  strength  of  bar  No.  9, 
heated  to  1,000°,  is  greater  than  that  of  the  original  material.  The 
microstructure  of  this  bar  was  in  places  very  coarse,  consisting  of 
large  masses  of  pearlite,  while  in  other  places  it  consisted  of  fine 
granules  of  pearlite  surrounded  by  ferrite.  Figure  11.  It  may  be 
pointed  out  in  this  connection  that  a  coarse  structure  is  not  always 
associated  with  low  strength,  but  the  piece  would,  however,  suffer 
badly  from  any  sudden  strain  or  shock. 

In  connection  with  the  microstructure  of  bar  No.  9,  it  is  interest- 
ing to  note  the  fact  that  a  large  pearlite  area  is  invariably  surrounded 
by  an  area  of  fine-grained  pearlite.  This  would  seem  to  indicate 
that  there  was  a  difference  of  surface  tension  between  the  large 
and  small  areas  and  that  the  smaller  areas  were  diffusing  into  the 
larger,  the  general  tendency  being  to  reduce  as  far  as  possible  the 
total  surface  energy.  That  this  coarse  structure  is  not  due  to  an 
electrolytic  effect  of  the  etching  solution,  seems  to  be  shown  by  the 
fact  that  different  etching  agents  brought  out  the  same  structure, 
always  giving  the  same  arrangement  of  pearlite  and  ferrite.  Relief- 
polishing  likewise  gave  the  same  structure.  If  this  formation  of 
large  crystals  were  an  electrolytic  effect,  it  would  be  difficult  to 
conceive  that  nitric  acid,  ammonium  nitrate,  or  alcoholic  solution  of 
hydrochloric  acid  would  all  produce  similar  results.  Ewing  and 
Rosenhain^  have  demonstrated  that  there  is  a  difference  of  solubility 
of   two  crystal  faces  in  contact  with  an  eutectic  film.     Experiment- 


1  Philosophical  Transactions,  195,  279. 
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ing  with  lead,  they  have  shown  that  the  orientation  of  the  lead 
crystal  affects  its  solubility,  and  that  in  some  cases  lead  is  dissolved 
from  one  crystal  and  deposited  upon  another,  causing  the  increased 
growth  of  the  latter.  Similar  reasoning  does  not,  however,  seem 
to   apply   to   the    formation   of   large   areas   of   pearlite,  for   here  we 


Fig.  12.  —  Specimen  No.  13.     x  70. 
Cooled  in  furnace  from  800°. 


Fig.  13.  —  Specimen  No.  14.     X  70. 
Cooled  in  furnace  from  900°. 


Fig.  14.  —  Specimen  No.  15.     X  70. 
Cooled  in  furnace  from  970°. 


Fig.   15.  —  Specimen  No.  16.     X  70. 
Cooled  in  furnace  from  1000°. 


have  a  complex  substance  which  it  would  be  difficult  to  conceive 
that  it  should  be  dcix)sited  in  its  characteristic  form  of  alternate 
layers  of  iron  and  iron  carbide.  The  phenomena  by  which  large 
pearlite  areas  are  produced  seems  to  be  similar  to  the  production 
of  large   crystalline    grains    in    any    precipitate.     It    is  a   well   known 
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fact  that  if  we  digest  precipitated  barium  sulphate,  the  crystals  will 
increase  in  size.  This  is  due  to  the  fact  that  the  smaller  crystals 
are  more  soluble  than  the  larger  ones  and  they  are  redeposited  on 
the  larger  ones,  the  general  tendency  being  to  decrease  to  a  mini- 
mum the  surface  energy.  In  the  case  of  steel  we  seem  to  have  a 
similar  phenomenon.  The  pearlite  corresponds  to  the  barium  sulphate, 
and  the  iron  to  the  solution.  At  a  temperature  of  8cx)°  to  900°, 
diffusion  is  taking  place  freely,  and  it  may  easily  be  conceived  that 
the  smaller  areas  are  diffusing  into  the  larger  ones.  On  heating 
to  the  higher  temperatures,  these  areas  are  developed,  and  also  have 
their  influence  upon  the  coarseness  of  the  fracture. 

In  Series  C,  those  bars  heated  to  a  definite  temperature  and 
allowed  to  cool  from  that  temperature  in  the  furnace,  do  not  show 
a  very  marked  difference  from  Series  A.  The  tensile  strength  is 
on  the  average  slightly  higher,  the  elastic  limit  uniformly  lower,  the 
contraction  of  area  lower,  and  the  elongation  shows  on  an  average 
about  the  same  values.  Compared  with  Series  B,  Series  C  shows 
uniformly  lower  tensile  strength  and  elastic  limit. 

The  microstructure  of  this  series  is  similar  to  Series  A  and  B 
in  the  specimens  heated  below  800®.  The  complete  blurring  of  the 
microstructure  seems  to  have  taken  place  between  800°  and  900^. 
Specimen  14  heated  to  900°  resembles  Specimen  4  heated  to  1,000°, 
and  not  Specimens  3  and  8  heated  to  900°.  Complete  diffusion  evi- 
dently took  place  at  about  850°,  because  the  specimen  heated  to 
800°  shows  some  of  the  blurred  effect,  and  at  900°  it  seems  to  have 
passed  partly  through  •  this  stage.  Heated  to  970°,  Specimen  15 
shows  large  masses  of  lamellar  pearlite  surrounded  by  wide  channels 
of  ferrite.  Specimen  16  shows  dense  segregated  masses  of  pearlite. 
The  tensile  strength  of  this  piece  is  abnormally  low,  and  should  not 
show  such  a  variation  from  Specimen  4  heated  to  the  same  temper- 
ature for  four  hours  before  cooling  in  the  furnace.  The  rate  of 
heating  and  cooling  has  a  strong  influence  on  the  properties  of  this 
material,  and  it  may  have  been  that  this  specimen  was  not  heated  in 
the  same  manner  as  the  others,  although  considerable  care  was  taken 
to  have  all  conditions  as  uniform  as  possible. 

The  most  notable  changes  occur  in  this  steel  in  the  neighbor- 
hood of  900°  and  not  at  Acj,  as  would  be  expected.  Whether  this 
is  due  to  the  fact  that  some  element  is  exerting  a  retarding  in- 
fluence, or  whether  some  unknown   influence   is  acting,  remains    for 
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further  investigation.  Judging  from  the  microstructure  and  the  phys- 
ical properties  of  Specimen  No.  7,  the  most  satisfactory  heat  treat- 
ment would  be  to  heat  to  a  temperature  of  800°  and  to  cool  in  the 
air.  Of  course  it  must  be  borne  in  mind  that  all  of  the  results  ob- 
tained are  only  relative,  because  the  original  material  received  con- 
siderable work  in  the  process  of  manufacture,  and  this  exerted  an 
enormous  influence  on  the  properties.  The  heat  treatment  as  out- 
lined, therefore,  refers  more  particularly  to  the  changes  produced  in 
a  piece  of  axle  steel  which  is  ready  for  service. 
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ON  THE  PRACTICAL   VALUE  OF  PRESUMPTIVE  TESTS 
FOR   BACILLUS   CO  LI  IN   WATER} 

By  GEORGE  C.  WHIPPLE. 

Introduction. 

The  status  of  the  test  for  Bacillus  coli  in  the  sanitary  examination 
of  drinking  water  at  the  present  time  is  one  of  great  uncertainty, 
and  yet  there  is  no  subject  of  more  practical  importance.  The  un- 
certainty is  caused  in  part  by  the  fact  that  there  is  no  one  method 
generally  accepted  by  which  the  presence  of  this  organism  in  water 
is  determined.  Each  bacteriologist  has  his  own  way  of  isolating  it 
and  studying  it  in  pure  culture,  and  the  results  obtained  by  these 
different  methods  fail  to  agree.  The  bacillus  itself,  in  spite  of  an 
immense  amount  of  study,  is  one  which  cannot  be  always  recognized 
by  the  usual  methods  employed.  Its  different  races  and  strains  so 
insensibly  merge  into  allied  species,  and  there  are  such  gradations 
between  Bacillus  coli  and  Bacillus  typhi  on  the  one  hand  and  between 
Bacillus  coli  and  several  species  of  common  water  bacteria  on  the 
other  hand,  that  with  our  present  tests  it  is  almost  impossible  to  say 
what  shall  or  what  shall  not  be  called  Bacillus  coli.  The  type  form 
of  Bacillus  coli  is  one  which  can  be  defined  within  reasonably  narrow 
limits,  but  when  the  organism  has  been  away  from  its  natural  habitat 
for  varying  periods  of  time,  and  has  existed  under  abnormal  condi- 
tions, its  ability  to  react  normally  to  the  usual  tests  appears  to  be 
greatly  impaired.  Its  power  to  reduce  nitrates  may  be  lost,  or  on  the 
other  hand,  it  may  be  much  increased ;  its  power  to  produce  indol  may 
be  lost,  or  on  the  other  hand,  it  may  be  increased ;  its  power  to  coag- 
ulate milk,  even,  is  sometimes  reduced,  although  seldom  entirely  lost ; 
its  power  to  ferment  carbohydrates  may  be  altered  so  that  the  amount 
of  gas  obtained  in  a  fermentation  tube,  as  well  as  its  ratio  of  H  to 
CO2,  is  quite  abnormal.     But  in  spite  of  all  these  facts,  the  bacillus 
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tested  may  have  been  originally  a  true  Bacillus  coli.  It  happens, 
therefore,  that  a  sample  of  water  may  contain  this  bacillus  without 
its  being  recognized,  and  it  happens  also,  and  perhaps  more  fre- 
quently, that  other  organisms  closely  related  to  this  species  but  dif- 
ferent from  it,  may  be  recorded  as  Bacillus  coli.  And  this  has  led 
to  a  wide  divergence  of  ideas  concerning  the  distribution  of  the 
species  in  nature,  and  to  the  practical  significance  of  positive  tests 
for  it  in  water.  So  great  has  been  the  discord  in  regard  to  the 
results  obtained  by  the  usual  tests  that  it  has  been  questioned  by 
some  sanitarians  as  to  whether  the  test  as  ordinarily  made  has  any 
practical  significance  at  all.  It  is  my  purpose  in  this  article  to  show 
that  in  spite  of  all  these  varying  results,  the  test  for  Bacillus  coli  is 
one  of  great  usefulness. 

In  order  to  determine  definitely  whether  Bacillus  coli  is  present 
or  is  not  present  in  a  sample  of  water,  it  is  necessary  to  isolate  the 
germ  and  study  it  in  pure  culture.  This  involves  a  long  series  of 
operations,  and  is  a  time-consuming  process.  It  is  seldom  that  a 
reliable  result  can  be  obtained  inside  of  one  week,  and  preferably 
the  test  should  extend  over  a  period  of  ten  days,  in  order  to  allow 
for  preliminary  cultivation. 

The  following  tests  may  be  considered  necessary  to  establish 
beyond  a  doubt  the  identity  of  the  organism  : 

1.  Typical  morphological  characteristics  and  motility,  as  deter- 
mined from  a  young  broth  culture. 

2.  The  non-liquefaction  of  gelatin  as  determined  by  a  stab-cul- 
ture incubated  for  at  least  one  week,  and  preferably  for  a  longer 
period. 

3.  The  fermentation  of  dextrose  broth  in  a  Smith  tube.  The 
amount  of  the  gas  should  be  normally  between  30^  and  7,0^  of  the 
volume  of  the  closed  arm,  and  the  percentage  which  the  carbonic 
acid  is  of  the  total  amount  of  gas  should  be  approximately  one- 
third.  The  closed  arm  should  be  turbid  and  the  open  bulb  should 
show  a  strongly  acid  reaction.  It  should  be  noted,  however,  that 
both  the  amount  of  gas  and  the  percentage  of  carbonic  acid  are 
subject  to  variation,  even  with  freshly  isolated  cultures  of  Bacillus 
coli^  so  that  these  quantities  must  not  be  given  a  too  strict  interpre- 
tation. 

4.  The  production  of  indol  in  Dunham's  Solution,  when  tested 
by  the  "  Ring  Method  "  after  an  incubation  of  48  hours  at  37""   C. 
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5.  The  characteristic   coagulation   of   milk,   with   the   production 
of  acid,  in  48  hours  at  37°  C. 

6.  The  reduction  of  nitrates  in  48  hours  at  37°  C. 

7.  The   non-formation   of   spores,  as   determined  by  the  inability 
of  a  culture  to  develop  after  heating  for  ten  minutes  at  80°  C. 

The  most  constant  of  the  above  tests  are  the  characteristic  mor- 
phology, non-liquefaction  of  gelatin,  fermentation  of  carbo-hydrates, 
and  the  coagulation  of  milk.  The  tests  for  indol  production  and 
nitrate  reduction  are  somewhat  more  erratic  than  the  others.  Be- 
fore the  above  tests  can  be  made,  it  is  first  necessary  to  isolate  the 
organism  from  the  water  in  pure  culture.  This  has  been  accom- 
plished in  a  variety  of  ways.  For  example:  Gelatin  plates,  agar 
plates,  lactose-litmus-agar  plates,  phenol-agar  plates,  or  plates  of  agar 
which  have  been  otherwise  treated  in  order  to  inhibit  the  growth  of 
ordinary  water  bacteria,  are  fished,  and  the  cultures  put  through  the 
regular  tests.  Or,  the  sample  is  added  to  dextrose  broth  in  a  Smith 
tube,  and,  if  the  characteristic  fermentation  is  obtained,  is  thereafter 
plated  out  on  agar  or  some  modification  of  it,  as  described  above, 
and  these  plates  ultimately  fished.  Or,  the  sample  of  water  in  quan- 
tities which  may  vary  from  .01  c.c.  to  i  litre,  is  enriched  by  the 
addition  of  carbolized  dextrose  broth,  or  some  similar  medium,  and 
given  a  preliminary  incubation,  after  which  transfers  are  made  to 
lactose-litmus  plates  or  to  the  fermentation  tube.  In  fact,  the  methods 
used  for  isolating  Bacillus  coli  in  pure  culture  are  varied  according 
to  the  idiosyncrasies  of  the  operator  and  the  character  of  the  water 
to  be  tested.  It  is  not  my  purpose  to  describe  here  these  various 
methods,  many  of  which  are  of  considerable  value,  and  no  one  of 
which  can  be  considered  as  superior  to  the  others  for  all  cases.  I 
wish  simply  to  emphasize  the  fact  that  the  operation  is  a  tedious 
and  laborious  one.  In  the  practical  supervision  of  water  supplies  it 
often  happens  that  there  is  no  time  for  carrying  out  all  of  the 
tests  required  to  obtain  an  absolutely  conclusive  result,  and  that  an 
approximate  test  which  may  be  quickly  made  may  have  greater  prac- 
tical value  than  the  ultimate  test.  For  example:  If  it  only  takes 
4  days  for  the  water  of  a  reservoir  to  reach  the  service  taps  in  a 
city,  and  if  it  requires  a  week  to  make  a  test,  the  result  of  a  con- 
clusive test  could  not  be  learned  until  several  days  after  the  water 
had  been  used ;  while  if  a  presumptive  test  could  be  obtained  in 
48   hours,    it   might  materially  affect   the  management    of   the  water 
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supply.  Hence  it  is  important  that  the  subject  of  presumptive  tests 
for  the  presence  of  Bacillus  coli  should  not  be  overlooked.  I  have 
studied  this  subject  with  considerable  care,  and  have  made  practi- 
cal tests  of  nearly  all  methods  which  have  been  suggested,  including 
the  most  recent  ones,  namely,  the  neutral  red  test  and  the  sodium- 
taurocholate,  or  bile  salt  test,  as  suggested  by  McConkey ;  but  after 
all  my  studies  I  have  found  nothing  of  more  practical  value  than 
the  simple  fermentation-tube-test,  as  first  outlined  by  Smith ;  and  his 
original  test  has  been  modified  only  by  operating  upon  different  vol- 
umes of  water  for  each  sample.  The  method  of  procedure  which  is 
used  at  Mount  Prospect  Laboratory  is  as  follows  : . — 

Method  of  Making  Presumptive  Tests. 

Smith  tubes  of  the  ordinary  form  are  used,  the  closed  arm  being 
5  inches  long  and  about  \  inch  inside  diameter.  The  following  is 
the  formula  of  the  broth  used  : 

Liebig's  Beef  Extract    ...  10  grams. 

Pepton 10     " 

Dextrose 10     " 

Water 1,000      ** 

The  reaction  is  made  ojfc,  and  the  correctness  of  this  reaction  is  a 
matter  of  no  little  importance. 

The  medium  is  made  up  in  batches  of  5  litres  and  kept  in 
flasks  until  needed  to  be  used  in  the  Smith  tubes.  Sterilization  is 
made  in  the  autoclave.  When  quantities  of  water  of  .001,  .01,  .1, 
i.o  or  10  c.c.  are  to  be  tested,  these  quantities  are  added  directly 
to  the  broth  in  the  Smith  tubes,  the  fractional  portions  being  ob- 
tained, of  course,  by  dilution.  When  larger  quantities,  such  as  100, 
500  or  1,000  c.c.  are  to  be  tested,  they  are  first  enriched  by  the 
addition  of  carbolic  dextrose  broth  of  such  a  strength  that  after  addi- 
tion to  the  water  the  mixture  shall  contain  i^  of  dextrose  and  o.ijb 
of  phenol.  After  preliminary  incubation  for  a  period  not  exceeding 
12  hours,  I  c.c.  of  the  culture  is  added  to  a  fermentation  tube.  If 
the  enriched  samples  are  allowed  to  stand  too  long,  other  organisms, 
such  as  streptococci,  for  example,  may  outgrow  Bacillus  coli  so  that 
a  negative  result  may  be  obtained.  The  fermentation  tubes  are  in- 
cubated at  37°  for  48  hours,  and  are  then  tested  for  per  cent,  of 
gas,  percentage  of  carbonic  acid,  reaction  of  the  open  bulb,  and  tur- 
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bidity  of  closed  arm.  The  typical  reaction  which  is  considered  as^  a 
positive  test  for  the  presence  of  Bacillus  coli  in  the  sample  tested 
is  as  follows :  Total  gas,  between  25  and  70  per  cent,  of  the  closed 
arm ;  per  cent,  which  the  carbonic  acid  is  of  the  total  gas,  between 
25  and  40;  the  closed  arm,  turbid;  the  open  arm,  strongly  acid  to 
litmus  and  usually  not  accompanied  by  the  formation  of  a  scum.  If 
the  amount  of  gas  formed  is  between  10  and  25  per  cent.,  or  if  it  is 
more  than  70  per  cent.,  the  test  is  considered  as  atypical ;  or,  if 
the  arnount  of  gas  is  between  25  and  70  per  cent.,  and  the  per  cent, 
of  carbonic  acid  greater  than  40,  the  test  is  considered  as  atypical ; 
or,  with  the  proper  gas  reactions,  but  with  the  open  arm  alkaline  in- 
stead of  acid,  the  test  is  considered  as  atypical.  If  no  gas  forms, 
or  if  it  is  less  than   10  per  cent.,  the  test  is  called  negative. 

It  is  recognized  that  this  test  is  not  absolute.  It  has  frequently- 
happened  that  pure  cultures  isolated  from  Smith  tubes  which  gave  a 
positive  test  have  failed  to  yield  true  cultures  of  Bacillus  coli  when 
carried  through  all  the  tests  by  sub-culture;  and  on  the  other  hand, 
it  has  occasionally  happened,  though  rarely,  that  true  cultures  of 
Bacillus  coli  have  been  obtained  from  Smith  tubes  which  yield  atyp- 
ical results.  But  speaking  broadly,  the  typical  reactions  offer  sat- 
isfactory presumptive  e\'idence  of  the  presence  of  this  species,  or 
species  very  closely  allied  to  it. 

In  a  subsequent  paper,  I  hope  to  give  the  data  to  support  this 
assertion,  but  at  this  time  will  offer  as  corroborative  testimony  the 
statement  of  Mr.  Irons,  who  in  his  paper  on  "Some  Observ^ations  on 
Methods  for  the  Detection  of  Bacillus  coli  communis  in  Water,'* 
states:  "When  the  dextrose  tube  yields  approximately  33  per  cent, 
of  CO.2,  Bacillus  coli  communis  is  almost  invariably  present." 

Eccentricities  of  the  Test. 

Wnen  varying  quantities  of  a  sample  of  water  are  tested  in  se- 
ries, it  sometimes  happens  that  a  positive  test  is  obtained  with  a 
small  amount,  while  with  larger  amounts  the  results  are  negative. 
This  anomalous  result  is  due  in  part  to  chance,  but  chiefly  to  the 
rapid  development,  during  the  preliminary  incubation,  of  bacteria 
which  are  not  Bacillus  coli^  and  which  tend  to  obscure  the  reaction. 
It  has  been  observed  by  Winslow,  Gage,  and  others,  that  certain 
streptococci  are  most   commonly  the  cause   of   this  interference,  and 
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this  has  been  also  my  own  experience.  Furthermore,  in  the  waters 
which  have  come  to  me  for  examination  streptococci  have  been  less 
numerous  than  Bacillus  coli.  Consequently,  when  small  amounts  of 
water  have  been  tested  they  have  been  less  likely  to  cause  interfer- 
ence than  when  large  amounts  have  been  examined. 

In  order  to  show  the  frequency  with  which  these  interferences 
occur,  the  following  figures  are  presented.  140  samples  of  water 
were  tested,  in  quantities  of  0,1,  i.o,  and  lo.o  c.c,  with  the  results 
shown  in  Table  I.: 


TABLE  I. 

Showing  the  Results  of  Presumptive  Tests  for  Hacilias  Cou  with 
Different  Quantities  of  Water. 


Per  Cknt.  of  Samples. 


Nl'mbrk  of  c.c.  of  Water  Tested. 


Positive  Tests. 

Atypical  Tests. 

Negative  Tests. 

Negative  Tests  in  cases  where  positive 
tests  were  obtained  with  smaller  quan- 
tities of  water. 

Negative  Tests  in  cases  where  atypical 
tests  were  obtained  with  smaller  quan- 
tities of  water. 

Positive  Tests  (Corrected). 

Atypical  Tests  (Corrected). 

Negative  Tests  (Corrected). 


0.1 

4.0 

1.3 

94.7 

0.0 

0.0 

4.0 

1.J5 

1)4.7 


1.0 

9.8 
18.0 
72.2 

2.9 

0.0 

12.7 
18.0 
(J9.3 


10.0 

24.4 
30.4 
45.2 

4.3 

2.8 

28.7 
:«.2 
38.1 


It  will  be  seen  from  this  that  2.9'/)  of  the  samples  gave  positive 
tests  with  0.1  c.c,  but  not  with  i  c.c,  while  4.3^  of  the  samples 
gave  positive  tests  with  o.i  or  i  c.c,  and  negative  tests  with  10  c.c. 
Again,  169  samples  which  were  tested  in  quantities  of  i,  10,  100 
and  5CX)  c.c  gave  results  shown  in  Table  II. 
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TABLE   II. 

Shuwing  the  Results  of  Presumptive  Tests  for  Bacillus  Colt  in 

Different  Quantities  of  Water. 


NuMBKR  OF  Cubic  Crntimbtbrs 
OF  Watbr  Tbstbd. 

1 

10 

Positive  Tests. 

17.2 

26.6 

Atypical  Tests. 

25.4 

,    32.6 

Negative  Tests. 

57.4 

40.8 

Negative   Tests  in  cases  where 
positive    tests    were    obtained 
with  smaller  quantities  of  water. 

0.0 

3.0 

Negative  Tests  in   cases  where 
atypical    tests    were    obtained 
with  smaller  quantities  of  water. 

0.0. 

5.3 

Positive  Tests  (Corrected). 

17.2 

29.6 

Atypical  Tests  (Corrected). 

25.4 

37.9 

Negative  Tests  (Corrected). 

57.4 

32.5 

pRR  Cent,  ok  Sampli-.j., 


100 

5U0 

37.9 

40.8 

37.3 

37.3 

24.8 

21.9 

5.3 


43.2 
42.0 
14.8 


4.8 

7.7 

45.6 

45.0 

0.4 


It  was  found  that  o.i^  phenol  broth  possessed  but  little  advan- 
tage over  uncarbolized  broth  for  preliminary  cultivation,  and  that 
it  made  but  little  difference  whether  the  temperature  of  the  incu- 
bator was  kept  at  37.5°  C.  or  at  42°  C,  but  that  it  was  a  decided 
advantage  to  use  a  short  period  of  incubation  rather  than  one  which 
extended  over  eighteen  hours. 

The  interference  of  streptococci  and  other  organisms  with  the 
presumptive  test  as  conducted  in  the  manner  described  above  is 
troublesome  and  difficult  to  avoid,  but,  in  my  experience,  it  has  been 
found  to  be  serious  only  in  about  five  per  cent,  of  the  samples 
tested.  Whenever  a  positive  test  for  Bacillus  coli  is  obtained  with 
a  small  quantity  of  water,  it  is  safer  to  assume  that  larger  quantities 
will  also  give  a  positive  test,  than  to  assume  that  the  positive  test 
in  the  small  quantity  was  accidental. 

Practical  Value  of  the  Presumptive  Test. 

As  an  illustration  of  the  value  of  this  test,  I  beg  to  call  atten- 
tion to  the  diagram  shown  in  Figure  i.  This  gives  the  results  of 
chemical    and   bacteriological    examinations   of    certain   surface   water 
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Fig.  I. —  Diagram  Showing  the  Relation  op  Typical  and  Atypical  Presumptive 
Tests  for  B.  Coli  to  the  Sanitary  Analyses  of  Various  Surface  Waters, 
Arranged  in  Groups  According  to  Their  Relative  Pollution. 
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supplies,  classified  in  six  groups  according  to  their  relative  pollution, 
as  determined  by  inspection  of  the  watersheds.  Each  group  repre- 
sents several  different  streams,  and  the  results  are  based  on  weekly 
observations  extending  over  a  period  of  four  years.  As  an  indica- 
tion of  the  varying  degrees  of  contamination  to  which  the  waters  are 
submitted,  it  may  be  stated  that  Group  I  includes  only  waters  which 
are  collected  from  almost  uninhabited  watersheds,  while  Group  VI 
includes  waters  too  much  polluted  to  be  safely  used  for  domestic 
purposes,  and  the  intermediate  groups  occupy  relative  positions  be- 
tween these  two  extremes.  It  will  be  observed  from  the  diagram 
that  the  percentage  of  samples  which  had  odors  of  decomposition, 
the  average  amounts  of  chlorine,  free  ammonia,  nitrites,  nitrates  and 
the  number  of  bacteria  per  c.c,  show  a  general  increase  from  left 
to  right.  The  nitrogens  are  somewhat  influenced  by  the  presence 
of  coloring  matter  and  microscopic  organisms,  so  that  the  sequence 
is  not  so  regular  as  otherwise  might  be  the  case.  It  will  be  ob- 
served that  the  percentage  of  samples  which  gave  typical  positive 
tests  for  Bacillus  coli  with  i  c.c.  show  an  increase  from  the  unpol- 
luted waters  to  the  polluted  waters,  which  corresponds  well  with  the 
increase  of  bacteria,  chlorine,  and  odors  of  decomposition,  and  with 
the  known  facts  as  to  the  pollution  of  the  streams  in  question.  None 
of  the  water  supplies  is  polluted  by  the  discharge  of  sewage  which 
directly  enters  the  stream  ;  in  all  cases  the  pollution  may  be  con- 
sidered as  indirect.  Still  more  striking  is  the  value  of  the  presumptive 
test  when  applied  to  different  amounts  of  water.  This  is  illustrated 
in  Table  III. 

TABLE    III. 
Showing  the  Per  Cent,  of  Samples  which  Gave  Positive  Tests  for  Bacillus 
Coli    when    Different    Amounts    of    Water    Were    Examined.      Based    on 
Weekly  Observations  Covering  a  Period  of  Two  Months. 
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From  this  it  is  Nseen  that  positive  tests  for  Bacillus  coli  are 
obtained  from  watersheds  that  are  practically  unpolluted.  Indeed,  it 
has  been  my  experience  that  practically  all  surface  waters  will  g^ve 
positive  presumptive  tests  for  Bacillus  coli  if  sufficiently  large  quan- 
tities of  water  are  tested.  As  the  amount  of  pollution  increases,  the 
quantity  of  water  necessary  to  give  the  positive  reaction  diminishes, 
until  in  very  polluted  waters  the  amount  required  may  be  but  a  frac- 
tion of  a  cubic  centimeter.  This  has  been  shown  by  Dr.  Jordan  in 
his  studies  of  the  Chicago  Drainage  Canal,  and  by  the  Liverpool 
school  of  bacteriologists  in  England  in  their  studies  of  sewage. 

Just  where  to  draw  the  line  between  "good"  and  "bad"  waters 
cannot  be  said  until  the  application  of  this  method  has  been  more 
widely  extended,  but  as  a  provisional  schedule  of  interpretation,  the 
following  is  suggested,  though  with  some  hesitation  and  with  the 
expectation  that  it  will  be  modified  by  subsequent  studies. 


Sanitary  QrALnv. 


Safe. 

Reasonably  safe. 
Questionable. 
Probably  unsafe. 
Unsafe. 


Prksi'mptivk  Trst  for  Bacilli's  Coli. 


0.01  r.c.  0.1  c.(.  1.0  C.C.  10.0  c.c.     ,    100  c.  c. 

I  I 


0         t         0  0         I         0 


0  0 

0  -+. 


It  is  to  be  remembered  that  this  schedule  refers  to  the  pre- 
sumptive test  as  made  above,  and  not  to  the  isolation  of  the  ba- 
cillus by  the  more  elaborate  methods  of  sub-cultures.  Furthermore, 
this  test  is  not  to  be  considered  alone  and  as  all-sufficient ;  it  is  to 
be  treated  as  but  one  part  of  a  sanitary  analysis  which  includes  a 
chemical  as  well  as  a  biological  examination,  and  the  complete  analysis 
must  be  used  in  making  a  final  judgment  upon  the  water.  Compar- 
isons of  the  results  of  positive  tests  with  the  rainfall  on  the  water- 
shed of  the  Brooklyn  Water  Supply  show  that  a  majority  of  the  posi- 
tive tests  have  occurred  immediately  after  heavy  rains,  indicating 
that  the  pollution  was  washed  into  the  streams  from  the  surface  —  as 
is  known  to  be  the  case.  Moreover,  studies  of  the  seasonal  distri- 
bution show  that  there  is  a  tendency  to  increased  numbers  of  posi- 
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tive  tests  in  the  spring  and  fall,  when  farmers  are  manuring  their 
fields.  Whether  or  not,  therefore,  this  test  indicates  absolutely  the 
presence  of  Bacillus  colt  in  the  water,  it  is  certainly  an  indication  of 
an  inferior  sanitary  condition. 

Positive  Presumptive  Tests  for  Bacillus  Coli  in  Ground  Water. 

When  a  typical  positive  presumptive  test  is  obtained  for  the 
presence  of  Bacillus  coli  in  ground  water,  it  is  an  almost  infallible 
indication  of  the  presence  of  contamination  with  surface  water.  The 
following  may  be  taken  as  an  illustration : 

A  certain  driven  well  station  was  located  in  swampy  land,  along 
the  shores  of  a  stream,  and  the  tops  of  the  wells  were  so  placed 
that  they  were  occasionally  flooded  at  times  of  high  water.  The 
water  in  the  stream  was  objectionable  from  the  sanitary  standpoint. 
The  wells  themselves  were  more  than  lOO  feet  deep;  they  penetrated 
a  clay  bed  and  yielded  what  may  be  termed  artesian  water.  Tests 
for  the  presence  of  Bacillus  coli  had  invariably  given  negative  re- 
sults, as  might  be  naturally  expected.  Suddenly,  however,  the  tests 
became  positive,  and  so  continued  for  several  days.  On  investigation 
it  was  found  that  some  of  the  wells  had  been  taken  up  to  be 
cleaned,  and  that  the  workmen  in  resinking  them  had  used  the 
water  of  the  brook  for  washing  them  down.  This  allowed  some 
of  the  brook  water  to  enter  the  system.  It  was  also  found  that  at 
the  same  time  the  water  in  the  brook  had  been  high,  and  because 
of  the  lack  of  packing  in  certain  joints  at  the  top  of  the  wells,  the 
brook  water  leaked  into  the  suction  main.  The  remedy  was  obvious, 
and  was  immediately  applied,  after  which  the  tests  for  Bacillus  coli 
once  more  became  negative.  During  all  this  time  the  chemical  analy- 
sis of  the  water  was  not  sufficiently  abnormal  to  attract  attention. 
On  another  occasion,  a  water  supply  taken  from  a  small  pond  fed 
by  springs,  and  which  was  practically  a  large  open  well,  began  to 
give  positive  tests  for  Bacillus  coli^  and  on  examination  it  was  found 
that  a  gate  which  kept  out  the  water  of  a  brook  which  had  been 
formerly  connected  with  the  pond,  was  open  at  the  bottom,  although 
it  was  supposed  to  have  been  shut,  thus  admitting  a  contaminated 
surface  water  to  the  supply. 

The  methods  which  are  in  vogue  in  England  for  determining  the 
presence  of  Bacillus  coli  in  water  cannot  be  considered  as  strict  as 
those  ordinarily  employed  in  this  country,  and  their  results   can  be 
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better  compared  with  those  of  our  presumptive  tests  than  with  the 
ultimate  tests  as  made  according  to  American  methods.  In  the  30th 
Annual  Report  of  the  Local  Government  Board  of  Great  Britain, 
there  is  an  interesting  report  by  Dr.  A.  C.  Houston  on  **  The  Chemical 
and  Bacteriological  Examination  of  Chichester  Well  Waters."  He 
gives  a  series  of  figures  showing  the  results  of  chemical  and  bacteri- 
ological tests  of  a  large  number  of  open  wells.  These  results  are 
shown  graphically  in  Figure  2,  arranged  in  order  of  increasing  num- 
ber of  bacteria.  It  will  be  seen  from  this  table  that  there  was  little 
correspondence  between  the  total  number  of  bacteria  and  either  the 
chlorine  or  the  albuminoid  ammonia,  while  the  results  obtained  by 
the  bacteriological  examination  seemed  to  hold  together  very  satis- 
factorily. It  will  be  noticed  that  there  was  a  gradual  increase  in  the 
number  of  Bacillus  colVm  the  water  from  the  left  to  the  right  of 
the  diagram,  thus  corresponding  with  the  increase  in  the  total  number 
of  bacteria.  The  test  for  Bacillus  enteritidis  sporogencs  and  strep- 
tococci gave  corresponding  results. 

Presumptive  Test  for  Bacillus  Coli  as  an  Index  of  the 
Efficiency  of  Filtration. 

The  practical  value  of  the  presumptive  test  is  also  shown  when 
used  to  determine  the  efficiency  of  filters.  This  has  been  well  illus- 
trated by  the  experiments  made  at  Lawrence,  Mass.,  by  the  State 
Board  of  Health,  the  results  of  which  have  been  already  presented 
to  this  Section.  The  following  example,  taken  from  the  records  of 
a  test  of  a  mechanical  filter,  is  also  of  interest  in  this  connection : 

table  IV. 
Showing  the  Results  of  Presumptive  Tests  for  Bacillus  Coli  in  Different 
Amounts  of   Water   before  and  after   Filtration  through   a   Mechanical 
Filter. 


Pekioo. 


Filter  working 
well. 


Filter  working 
badly. 


Watkk. 


Ntmbkr  op     ' 
Samples.        - 


Pkh  Cent,  of  Positivk  Tests. 


Raw  Water. 
Filtered  Water. 
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For  fifteen  days,  during  which  the  filter  was  doing  good  work, 
as  shown  by  the  chemical  analysis  and  by  its  removal  of  bacteria, 
6.7^  of  the  samples  of  raw  water  gave  positive  tests  when  tested 
with  I  c.c,  while  the  per  cent,  of  samples  of  filtered  water  which 
gave  positive  tests  was  o.  When  tested  with  quantities  of  500  c.c, 
40^  of  the  samples  of  raw  water  gave  positive  tests,  and  (>,y^  of 
the  samples  of  filtered  water.  During  a  period  of  sixteen  days,  when 
the  filter  was  doing  poor  work,  as  shown  by  the  chemical  analysis 
and  general  appearance  of  the  effluent,  18.756  of  the  samples  of  raw 
water  gave  positive  tests  in  i  c.c,  while  31.256  of  the  samples  of 
filtered  water  gave  positive  tests.  When  tested  in  quantities  of  500 
c.c,  56.2^  of  the  samples  of  raw  water  gave  positive  tests,  and 
56.25fc  of  the  samples  of  filtered  water  gave  positive  tests.  Thus, 
during,  the  first  period  the  filter  was  yielding  a  water  which  con- 
tained very  few  Bacillus  coliy  as  determined  by  the  presumptive  tests, 
while  during  the  second  period  the  filtered  water  was  no  better  than 
the  raw  water. 

Summary. 

The  foregoing  may  be  summarized  as  follows : 

1.  The  methods  necessary  for  the  certain  identification  of  Ba- 
cillus coli  in  water  involve  technique  so  complicated  and  so  time-con- 
suming that  they  are  not  practical  as  working  tests  in  connection 
with  the  supervision  of  water  supplies. 

2.  The  fermentation  of  dextrose  broth,  as  first  suggested  by 
Dr.  Theobald  Smith,  furnishes  the  most  rapid  and  most  practical 
test  for  the  presence  of  Bacillus  coli  in  water. 

3.  The  extension  of  this  test  to  cover  different  quantities  of 
water  in  the  same  samples,  thus  making  the  test  quantitative  (within 
limits)  as  well  as  qualitative,  greatly  enhances  its  value. 

4.  Bacillus  coli^  if  not  itself  widely  distributed  in  nature,  resem- 
bles certain  common  bacteria  in  all  points  covered  by  the  usual  tests, 
to  such  an  extent  as  to  throw  doubt  upon  the  use  of  this  organism 
as  a  conclusive  test  for  fecal  contamination. 

5.  But  whether  or  not  Bacillus  coli  is  solely  an  intestinal  germ, 
the  presumptive  test  described  above  is  a  useful  test  to  determine 
the  sanitary  quality  of  water,  and  is  one  which  gives  results  that 
ag^ee  well  with  chemical  and  biological  analysis. 

Mt.  Prospect  Laboratory, 
Brooklyn,  N,  Y, 
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A     COMPARISON    OF     VARIOUS     TESTS    APPLIED     TO 
PAINTS    USED  FOR    THE  PROTECTION  OF  IRON. 

By  AUGUSTUS  H.  GILL  and  CHARLES  C.  JOHNSON. 

The  necessary  qualifications  of  a  paint  to  prevent  rust  are : 
(i)  That  it  shall  be  impervious  to  and  unaffected  by  moisture  or 
other  atmospheric  influences.  (2)  That  it  shall  form  a  surface  suffi- 
ciently hard  to  be  durable  and  yet  sufficiently  elastic  to  conform  to 
the  expansion  and  contraction  of  the  metal.  (3)  That  it  shall  adhere 
firmly  to  the  surface  to  which  it  is  applied.  (4)  That  it  shall  not 
corrode  the  metal  to  which  it  is  applied. 

Among  the  various  practical  tests  for  ascertaining  the  value  of 
paints  as  a  protection  against  rust  are  the  following:  (i)  Loesner's 
steam  test.  (2)  "The  water  and  moisture  test."  (3)  Immersion  in 
water.     (4)  Test  of  the  electrical  insulation.     (5)  Heat  test. 

The  object  of  this  investigation  was  to  make  a  comparative  test 
of  these  different  methods  and  to  decide,  if  possible,  whether  the 
value  of  a  paint  when  in  actual  use  can  be  ascertained  by  any 
such  laboratory  experiments.  This  permitted,  at  the  same  time,  a 
comparison  of  the  various  paints  themselves. 

The  tests  enumerated  were  carried  out  in  the  following  manner : 

Locsnet's  steam  test}  —  Strips  of  sheet  iron  are  carefully  cleaned 
upon  an  emery  wheel  and  coated  with  two  layers  of  paint,  each  layer 
being  allowed  to  dry  four  days,  care  being  taken  in  every  case  that 
the  first  coat  was  thoroughly  dried  before  the  second  was  applied. 
The  strips  are  placed  over  the  apertures  of  a  constant-level  water 
bath  at  the  height  of  about  5  cm.  above  the  water  and  supported 
upon  strips  of  wood  at  each  end  to  prevent  abrasion.  After  15 
hours'  exposure  to  the  ascending  steam,  the  paint  is  dried  at  ioo°C., 
softened  with  aniline,  and  removed  with  a  soft  brush.  The  strips 
are  dried  with  alcohol  and  their  surfaces  examined  for  rust.     A  paint 
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is   considered   to   be   satisfactory   which  after    15   hours'  exposure  to 
the  steam  permits  no  rusting  of  the  metal  beneath  it. 

^^  The  water  and  moisture  test''  is  performed  by  painting  the 
inner  surface  of  a  shallow  iron  dish,  which  has  previously  been 
cleaned  by  the  sand  blast,  and  exposing  the  paint  to  the  action  of 
slowly  evaporating  water.  The  water  is  allowed  to  evaporate  to 
dryness  at  the  ordinary  temperature  of  the  room,  the  dish  refilled  — 
usually  once  a  week — and  the  evaporation  repeated  until  the  interior 
of  the  dish  shows  more  or  less  rust.  The  condition  of  the  surface 
is  carefully  examined  before  each  refilling.  The  dishes  used  were 
10  cm.  in  diameter  and  2  cm.  deep. 

The  next  test,  that  of  immersion  in  water,  consists  simply  in  ex- 
posing the  painted  iron  strips  to  the  continuous  action  of  water. 
In  this  work  the  strips  were  placed  in  beakers  5  inches  deep,  so 
that  the  water  level  stood  about  \  an  inch  below  the  edge  of  the 
painted  surface,  the  water  being  kept  at  approximately  constant 
level. 

The  test  of  electrical  insulation  was  made  by  preparing  and  paint- 
ing the  strips  as  in  the  other  tests.  A  dam  was  made  on  each 
strip  and  filled  with  mercury,  which  served  as  an  electrode  and  in- 
sured good  contact  between  the  pole  and  the  paint  coating.  The 
dams  were  made  by  fastening  rubber  washers  to  the  strips  by  means 
of  wax ;  the  remainder  of  the  operation  consisted  in  clamping  one 
pole  of  a  testing  transformer  to  the  bare  metal  and  dipping  the  other 
pole  into,  the  mercury.  Direct  current  is  preferably  used,  although 
in  these  experiments  an  alternating  current  was  employed.  The  volt- 
age was  increased  until  the  insulation  failed.  This  test  indicates  the 
relative  continuity  of  the  coatings,  since  a  porous  film  will  allow  the 
current  to  pass  through  it  readily. 

The  heat  test  was  made  by  subjecting  the  paint  to  a  temperature 
of  400°  F.  for  two  hours  in  an  oven.  That  which  offers  the  greatest 
resistailce  to  heat  is,  so  far  as  this  test  is  concerned,  the  best  paint. 
The  heat  promotes  oxidation  and  produces  in  a  few  hours  an  effect 
similar  to  that  which  would  be  obtained  very  slowly  at  ordinary  tem- 
peratures. 
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Table   I.     Showing  ,the    Behavior    of    Various    Paints    when    Subjected   to 

Lx>esner's  Steam  Test. 


Paint. 

Appbakancb  of  Coating  or  Metal. 

Dixon's  graphite  (2  tests). 

Coating  appeared  rubber-like  and  could  be  scraped 
oflF  easily ;  8-10  medium-siied  blisters  formed. 

Durable  metal  coating  (2  tests). 

Coating  adhered  well,  but  was- somewhat  porous. 

Prince's  mineral  brown  (2  tests). 

Coating  was  covered  with  very  small  blisters  which 
could  be  scraped  off  easily. 

Bessemer  (iron  oxide)  (2  tests). 

Many  blisters  fonned. 

Raw  linseed  oU  (applied  hot). 

Strip  rusty. 

Boiled  linseed  oil. 

Strip  corroded  for  half  its  surface. 

Black  enamel  (2  tests),    (tar) 

Very   large    blisters   fonned;  coating   could   be 
brushed  o£f  very  easily. 

Red  lead  78%,  raw  oU  22%. 

Somewhat  porous;  condition  good. 

Red  lead  78%,  raw  oU  22%. 

Condition  good. 

Red  lead  and  lucol  •  (2  tests). 

Condition  good. 

Red  lead  30%,  raw  oU  10%,  white  lead  60%  (2  tests). 

Very  small  blisters  formed ;  condition  good. 

First  coat  red  lead,  second  coat  white  lead  (2  teats). 

Small  blisters  formed ;  condition  good. 

Red  lead  56%,  white  lead  28%,  raw  oU  16%  (2  tesU). 

Coating  full  of  pores  and  small  blisters. 

Barytes  86%,  boiled  oU  14%  (2  tests). 

Coating  full  of  pores  and  small  blisters  and  could 
be  easily  scraped  ofiF. 

Red  oxide  of  iron  and  raw  oil  (2  tests). 

Coating  very  tender  and  could  be  easily  scraped  o£F. 

Zinc  oxide  and  raw  oil  (2  tests). 

Coating  tough  and  in  good  condition,  appeared 
rubber-like  and  shriveUed. 

Zinc  white  61%,  barytes  38%,  raw  oil  11%  (2  tests). 

Coating  porous. 

White  lead  60%,  zinc  oxide  30%,  raw  oil  10%  (2  tests). 

Condition  good. 

White  lead  and  raw  oil  (2  tests). 

Small  blisters  formed  in  coating. 

White  lead  and  lucol  (2  tests). 

Small  blisters  fonned  in  coating. 

White  lead  67%,  barytes  43%,  raw  oil  C2  tesU). 

Coatmg  blistered. 

First  coat  red  lead,  second  coat  graphite. 

Coating  somewhat  porous  and  covered  with  small 
blisters. 

First  coat  red  lead,  second  coat  red  oxide. 

Covered  with  very  small  blisters. 

As  the  preceding,  using  lucol  (2  tests). 

Covered  with  very  small  blisters. 

Pure  rosin  varnish  (2  tests). 

Coating  nearly  all  removed. 

Half  rosin  and  half  kauri  varnish  (2  tests). 

Coating  adhered  very  well,  but  blistered  consid- 
erably. 

Pure  kauri  varnish. 

Coating  covered  with  small  blisters. 

Suspected  varnish. 

Very  small  blisters  formed. 

*  Lucol  is  said  to  be  a  mixture  of  about  equal  parts  of  a  light  mineral  oil  with  fish  oil  which  has  been 
i reared  with  sulphur  chloride;  this  is  used  as  a  substitute  for  linseed  oil. 


A  Comparison  of  Various   Tests  Applied  to  Paints. 
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Table  II.     Showing  the  Behavior  of  Various  Paints  under  the  "  Water  and 

Moisture  Test." 


Paint. 


Dixon's  graphite. 

Durable  metal  coating. 

Prince's  mineral  brown. 
Bessemer. 

Raw  linseed  oil. 

Boiled  linseed  oil. 

Red  lead,  raw  oil. 

Red  lead,  lucol. 

Red  lead  30%,  white  lead  60%,  raw  oil  10% . 

First  coat  red  lead,  second  coat  white  lead. 

Barytes,  boiled  oil. 

Red  oxide  of  iron,  raw  oil. 

Red  oxide  of  iron,  boiled  oil. 

Zinc  white,  raw  oil. 

White  lead,  zinc  oxide,  raw  oil. 

White  lead,  lucol. 

White  lead,  raw  oil. 

Rosin  yamish. 

Rosin  and  kauri  varnish. 

Pure  kauri  varnish. 
Suspected  varnish. 


TlMB  OP 
EXPOSURB 

IN  Days. 


7 
36 


36 

53 
61 

(     12 

\     57 

17 
26 
40 
49 


9 
17 
28 

61 

46 

36 


7 
28 

22 
33 
46 


11 
36 


[     12 
1  34-49 


[     12 
1  23^19 


10 
18 


11 
34 
46 


20 
41 
53 

11 
34 
45 
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Appbakancb  OP  Coating  or  Mbtal. 


A  few  very  small  blisters. 
Covered  with  very  small  blisters. 

Condition  good. 

General  condition  good ;  a  few  rough  patches 

formed. 
A  few  small  rust  spots. 
Covered  with  small  blisters. 

Covered  with  small  blisters. 
Covered  with  small  blisters. 

Condition  good. 
Small  blisters  formed. 
Covered  with  blisters. 
Corroded. 

Slightly  corroded. 
Corroded. 

Like  rubber. 

Corroded. 

Rusty. 

Condition  good. 

Condition  good. 

Condition  good. 

Condition  good. 

Covered  with  small  blisters. 
Corroded. 

Condition  good. 
Corroded  at  edge. 
Small  blisters. 
Corroded  on  sides  of  dish. 

Covered  with  small  blisters. 
Partly  corroded. 

A  few  rust  spots. 

Rust  spots  increased  in  size. 

Several  spots  of  rust. 

Rust  spots  increased  in  number. 

Condition  good. 
Specks  of  rust.  • 

Condition  good. 
Small  specks  of  rust. 

Several  spots  of  rust. 
Most  of  coating  white. 
Covered  with  blisters. 

Part  of  coating  white. 
Somewhat  blistered. 
Covered  with  small  blisters. 
Partly  corroded. 

A  few  sp6ts  of  rust. 

Partly  corroded. 

Corroded  and  covered  with  small  blisters. 

Covered  with  specks  of  rust. 
Covered  with  small  blisters. 
Corroded. 
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Table  III.     Showing  the  Behavior  of  Various  Paints  under  the  "Immersion 

IN  Water  Test." 


Paint. 

Time  of 
Immersion 
IN  Days. 

Appearance  of  Coating  or  Mktal 

Dixon's  graphite. 

40 

Covered  with  small  blisters. 

Durable  metal  coating. 

40 

Covered  with  medium-sized  blisters. 

Prince's  mineral  brown. 

40 

Quite  tough ;  covered  with  small  blisters. 

Bessemer. 

40 

Covered  with  large  blisters. 

Raw  linseed  oil. 

40 

Corroded,;  snuU  blisters. 

Boiled  oil. 

40 

Corroded. 

Red  lead,  raw  oil. 

40 

Condition  good. 

Red  lead,  lucol. 

26 

Coating  tender. 

Red  lead  30%,  white  lead  60%, 

raw  oil  10%,. 

25 

Condition  good ;  coating  tough. 

First  coat  red  lead,  second  coat  white  lead. 

25 

Condition  good ;  coating  tender. 

Barytes,  boiled  oil. 

40 

Covered  with    small    blisters;   coating  quite 
tough. 

Red  oxide  of  iron,  raw  oil. 

40 

Covered  with  small  blisters ;  coating  tender. 

Red  oxide  of  iron,  boiled  oil. 

26 

Covered  with  small  blisters. 

Zinc  white,  raw  oil. 

40 

Covered  with  rust  spqts ;  coating  quite  tender. 

White  lead  60%,  zinc  white  30% 

,  raw  oil  10%. 

40 

Several  rust  spots ;'  coating  quite  tender. 

White  lead,  lucol. 

25 

A  few  small  rust  spots;  coating  quite  tough. 

White  lead,  raw  oil. 

40 

A  few  small  blisters ;  coating  tender. 

White  lead  57%,  barytes  33%, 

raw  oil  10%. 

26 

Condition  fair ;  coating  quite  tender. 

Rosin  varnish. 

15 

Covered  with  large  blisters. 

Rosin  and  kauri  varnish. 

15 

Covered  with  large  blisters. 

Suspected  varnish. 
Kauri  varnish. 


15  Corroded  at  surface  of  water. 

15  I     Covered  with  small  blisters. 


A    Comparison  of  Various  Tests  Applied  to  Paints, 
Table  IV.     Test  of  Electrical  Insulation. 


IT 


Paint. 

Voltage  at  which 
Coating  Failed. 

Avera(;r. 

Dixon's  graphite. 

<300 

<300 

Durable  metal  coating. 

440,650,650 

547 

Prince's  mineral  brown. 

700,550,660 

633 

Beftsemer. 

<300 

<300 

Black  enamel. 

<300 

<300 

Barytes,  boiled  oil. 

670,450 

660 

Red  lead,  raw  oiL 

1700, 1680, 1740 

1707 

Red  lead,  lucol. 

300",  520, 450,  480 

438 

First  coat  red  lead,  second  coat  white  lead. 

790,  lOGO,  700 

850 

Red  lead  56%,  white  lead  28%,  raw  oil  16%. 

600, 480, 1100 

727 

Red  lead  30%,  white  lead  60%,  raw  oil  10%. 

700,720,660 

660 

Red  oxide,  raw  oil. 

<300 

<300 

Boiled  oil. 

<300 

<300 

First  coat  red  lead,  second  coat  red  oxide. 

930,950.870 

917 

First  coat  red  lead,  second  coat  graphite. 

600,620,600 

673 

Zinc  white,  raw  oil. 

660. 610. 620 

630 

White  lead  60%,  zinc  white  30%,  raw  oil  10%. 

760. 680, 480 

603 

Zinc  white  61%,  barytes  38%,  raw  oil  11%.    ' 

860, 650. 680 

697 

White  lead,  raw  oil. 

660,340.640 

610 

White  lead,  lucol. 

810,810.860 

827 

White  lead  64%,  barytes  40%,  raw  oil  6%. 

630,650,970 

750 

Red  lead,  raw  oil. 

760,  &10, 640 

647 

Prince's  mineral  brown. 

710,  820,  700 

743 

Lucol  oil. 

<300 

<300 

Suspected  varnish. 

620, 900.  [26001, «» 

707 

Rosin  varnish. 

680, 620, 520 

640 

Roftin  and  kauri  varnish. 

410, 380 

396 

Kauri  varnish. 

420,370 

396 
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Table  V.     Heat  Test.    Temperature  400°F.    Time  2  Hours. 


Paint. 


Dixon's  graphite. 

Durable  metal  coating. 

Prince's  mineral  brown. 

Bessemer. 

Barytes  86%.  boiled  oil  14%. 

Black  enamel. 

Red  lead  78%,  raw  oil  22% . 

Red  lead  30%,  white  lead  60%,  raw  oU  10%. 

Redlead78%,lucol22%. 

First  coat  red  lead,  second  coat  white  lead. 

Red  lead  60%,  white  lead  28%..  raw  oU  10%. 

Red  oxide,  raw  oil. 

Red  oxide,  boiled  oil. 

Zinc  white,  raw  oil. 

Zinc  white  51%,  barytes  38% ,  raw  oil  11*;^ . 

White  lead  60%.  zinc  white  30%.  raw  oil  10^^ . 

White  lead,  lucol. 

White  lead,  raw  oil. 

White  lead  54%,  barytes 40%,  raw  oil  0% . 

Rosin  varnish. 

Rosin  and  kauri  varnish. 

Kauri  varnish. 

Suspected  varnish. 

Lucol. 

First  coat  red  lead,  second  coat  graphite. 

First  coat  red  lead,  second  coat  red  oxide. 


Appkarancb. 


Condition  good. 

Small  cracks  on  surface ;  coating  adhered  well. 

Condition  good. 

Condition  good. 

Came  off  in  scales. 

Brittle :  peeled  off. 

Brittle ;  peeled  off. 

Brittle;  peeled  off. 

Britde ;  peeled  off. 

Brittle;  peeled  off. 

Brittle  ;  peeled  off. 

Condition  good. 

Condition  good. 

Peeled  off. 

Very  good. 

Brittle. 

Peeled  off. 

Bli&tered  :  peeled  off  easily. 

Peeled  off. 

Peeled  off. 

Condition  good ;  coating  tough  and  elastic. 

Condition  good ;  coating  tough  and  elastic. 

Condition  good ;  coating  tough  and  elastic. 

Condition  good. 

Peeled  off. 

Peeled  off. 


A  Comparison  of  Various  Tests  Applied  to  Paints. 
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A  comparison  of  the  tests,  Table  VI,  would  seem  to  show  that 
the  results  obtained  by  the  Loesner  test  agree  well  with  the  "water 
and  moisture'''  and  "  immersion  in  water ''  tests ;  these,  in  turn, 
agree  well  with  the  results  obtained  in  practice.  As  was  to  be  ex- 
pected, they  do  not  agree  with  the  results  of  the  heat  test. 

Considering  the  various  paints  themselves,  it  is  evident  from  these 
tests  that  the  paints  which  best  withstand  the  action  of  water  or 
atmospheric  agencies  are  those  which  are  most  attacked  by  heat,  and 
vice  versa. 

These  are,  in  order  of  most  resistance :  Red  lead ;  red  and  white 
lead  mixed,  or  first  coat  red  lead  and  second  coat  white  lead ;  durable 
metal  coating ;  white  lead ;  the  iron  oxide  paints,  or  the  above  paints 
mixed  with  ground  barytes.  It  should,  however,  be  borne  in  mind, 
in  this  connection,  that  a  longer  time  for  drying  of  the  painted  strips 
would  have  been  desirable,  but  it  was  impossible  to  give  it.  The  short- 
ness of  time  is  particularly  favorable  to  the  lead  paints. 

For  the  most  complete  protection  of  iron  it  would  seem  to  be 
essential  to  use  a  paint  in  which  the  pigment  combines  with  the  oil, 
as  with  the  lead  paints,  or  a  varnish  carrying  pigment.  These  tests 
well  show  how  inefficient  a  protection  is  linseed  oil  without  a  pigment. 

Three  varnishes  were  tested  at  the  same  time,  pure  kauri,  half 
kauri  and  half  rosin,  and  pure  rosin ;  their  protecting  power  was  in 
the  order  here  given,  the  kauri  standing  the  tests  the  best. 
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THE  HANGING  VALLEYS  OF  GEORGETOWN,  COLORADO, 

By  W.  O.  CROSBY. 

Georgetown  is  situated  in  the  valley  of  Clear  Creek,  a  tributary 
of  the  South  Platte  draining  the  eastern  slope  of  the  Main  Range  in 
the  latitude  of  Gray's  Peak,  in  the  county  of  Clear  Creek,  50  miles 
by  both  creek  and  railroad  from  Denver,  and  at  an  altitude  of  8,500 
feet.  The  town  lies  at  the  northern  foot  of  Leavenworth  Mountain 
(Figure  i)  which,  continued  above  timber  line  in  McClellan  Mountain, 
divides  the  main  stream  from  the  important  tributary  known  as  Leav- 
enworth Creek.  Below  Leavenworth  Mountain  the  trend  of  the  valley 
is  northward  for  about  two  miles,  between  the  long,  straight  ridge 
of  Griffith  and  Saxon  Mountains  on  the  east  and  the  slightly  divided 
Republican,  Democrat,  and  Columbia  Mountains  on  the  west,  to  the 
foot  of  Empire  Pass,  where  Columbia  Mountain  is  connected  with 
Douglas  Mountain  by  a  low,  sharp  ridge.  At  this  point  a  long 
detrital  cone,  heading  in  a  prominent  gulch  on  Saxon  Mountain, 
obstructs  the  drainage  across  the  entire  breadth  of  the  valley.  Be- 
low this  obstruction  the  bottom  of  the  valley  is  narrow,  with  little 
or  no  level  land,  and  the  stream  falls  rapidly  as  it  winds  around  the 
base  of  one  detrital  cone  after  another ;  but  above  it,  to  the  upper 
end  of  Georgetown  and  the  base  of  Leavenworth,  the  valley  floor 
is  approximately  level  for  a  breadth  of  i  ,000  to  nearly  2,000  feet,  sug- 
gesting the  silted-up  bed  of  a  temporary  lake,  above  which  the  moun- 
tains rise  abruptly  3,000  to  4,500  feet.  Up  stream  the  north-south 
course  of  this  part  of  the  valley  is  continued  in  the  valley  of  Leaven- 
worth Creek,  between  Independence  Mountain  on  the  east  and  Leaven- 
worth Mountain  on  the  west,  as  far  as  the  beautiful  morainal  lakelets 
known  as  Green  Lake  (2^  miles)  and  Clear  Lake  (3  miles)  and  be- 
yond; while  Clear  Creek,  above-  Georgetown,  swings  in  a  graceful 
curve  to  its  normal  westerly  course  before  reaching  Silver  Plume 
(2^  miles)  and  holds  this  course  to  its  source  in  the  Snowy  Range. 

The  interest  of  this  paper  centers  in  the  relations  of  these  two 
valleys  to   that  part   of   the  main  valley  immediately  below   Leaven- 


42 


IV.  O.  Crosby. 


Be 

o 

H 
U 

< 

z. 

OS 

M 

H    M 


< 

O 

H 

< 

s 


o 

nJ    M 


as  H 
s  > 

> 

.J 


2: 
o 

\A 
u 

td 

5  S 


o  5 

>    O 
Z   1-1 


The  Hanging  Valleys  of  Georgetowny   Colorado,  43 

worth  Mountain  and  occupied  by  Georgetown,  nearly  the  entire  field 
of  the  study  being  shown  in  Figure  i.  Below  the  high  moraines 
enclosing  Green  and  Clear  Lakes,  the  valley  of  Leavenworth  Creek 
is  wide  and  its  gradient  low,  the  stream  meandering  somewhat  across 
its  approximately  base-levelled  floor.  As  it  approaches  Georgetown, 
however,  the  creek  begins  to  trench  the  floor  of  this  mature  moun- 
tain valley  and,  falling  about  700  feet  in  the  last  mile,  it  escapes 
abruptly  into  the  still  broader  Georgetown  valley,  through  the  deep 
V-shaped  gorge  shown  in  Figure  2,  and  less  distinctly  in  Figure  i. 
The  general  relations  of  the  two  valleys  are  well  expressed  in  Fig- 
ure I,  which  affords  an  excellent  transverse  profile  of  the  upper 
valley  and  shows  it  ending  abruptly  downward  in  a  steep  and  almost 
precipitous  slope,  and  thus  clearly  holding  the  relation  of  a  hanging 
valley  to  the  lower  \^lley. 

The  main  problem,  of  course,  lies  in  the  significance  of  this  break 
between  the  two  valleys;  and  three  general  explanations  demand 
consideration  —  fluvial  erosion,  glacial  erosion,  and  displacement. 

Obviously  the  floor  of  the  valley  of  Leavenworth  Creek  was  once 
continuous  with  the  floor  of  Clear  Creek  Valley.  The  first  explana- 
tion of  the  existing  discordance,  or  lack  of  continuity,  would  mean 
that  Clear  Creek  has,  in  later  times,  lowered  its  bed  more  rapidly 
than  Leavenworth  Creek,  by  virtue,  we  may  suppose,  of  the  advan- 
tage which,  during  the  elevation  of  the  range,  a  main  stream  would 
enjoy  in  experiencing  acceleration  more  promptly  than  its  lateral  or 
right-angled  tributaries.  This  is  an  important  principle,  and  fully 
competent,  no  doubt,  to  explain  many  hanging  valleys ;  appearing,  for 
example,  to  account  perfectly  for  the  hanging  tributaries  of  the  upper 
San  Joaquin  River  in  California.  But  the  conditions  at  Georgetown 
are  clearly  unfavorable  to  its  application,  since  the  escarpment  in 
which  both  the  valley  and  gorge  of  Leavenworth  Creek  terminate  is  in 
the  lee  of  Leavenworth  Mountain  with  reference  to  the  direct  and  nor- 
mal course  of  Clear  Creek,  and  cannot  possibly  be  regarded  as  due  to  the 
erosive  action  of  the  latter.  The  hypothesis  of  more  vigorous  glacial 
erosion  in  the  main  valley,  appealed  to  by  Davis  and  others  in  ex« 
planation  of  some  of  the  hanging  valleys  of  the  Alps,  and  more 
recently  of  other  districts,  is  beset  by  still  greater  difficulties  here ; 
for  I  have  failed  to  find  below  Leavenworth  Mountain  any  evidence 
of  glaciation.  The  mountain  slopes  are  here  wholly  unglaciated,  and 
all  apparent  moraines  are  really  detrital  cones  heading  in  lateral  gulches. 
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forcing  the  creek  against  the  base  of  the  opposite  slope  and  thus 
causing  it  to  meander  in  spite  of  its  rapid  fall.  But  even  granting 
that  the  glacier  of  the  Clear  Creek  Valley  did  cross  the  site  of 
Georgetown,  the  salient  northwestern  angle  or  spur  of  Leavenworth 
Mountain  would  prove  a  still  more  serious  obstruction  than  before; 
nor  could  we  appeal  with  more  success  to  the  phenomena  of  the 
bergschrund,  for  surely  this  basin,  a  dozen  miles  from  the  heads  of 
the  valleys  in  the  Snowy  Range,  was  never  an  amphitheatre  of 
nev^  ;  on  the  contrary,  we  must  think  of  it  as  in  any  case  near  the 
lower  limit  of  glaciation  and  well  below  the  line  above  which  the 
formation  of  glacial  ice  or  its  firm  adhesion  to  the  hounding  rocks  is 
possible. 

We  have  next,  then,  to  inquire  whether  the  facts  are  more  favor- 
able to  the  displacement  hypothesis.  In  this  connection  some  of 
the  vein  phenomena  of  the  district  are  significant.  Traversing  the 
lower  slope  of  Griffith  Mountain,  to  the  north  of  Leavenworth  Creek, 
is  the  Griffith  lode,  which  may  be  regarded  as  virtually  continuous 
to  the  south  and  southwest  with  the  lode  system  of  the  Alaska, 
Centennial,  Burrell,  and  Big  Indian  Mines,  crossing  the  mouth  of 
Leavenworth  Gulch  just  below  the  escarpment  and  traversing  the 
northern  face  of  Leavenworth  Mountain  to  and  through  the  promi- 
nent notch  high  up  on  its  northwestern  spur.  The  workings  of  the 
Centennial  Mine,  with  a  depth  of  600  feet  and  a  length  of  over  1,500 
feet,  extend  directly  across  the  mouth  of  Leavenworth  Gulch  and 
reveal  perfectly  the  character  of  the  fissure  at  this  most  critical 
point.  Here,  as  throughout  its  course,  it  is  an  approximately  plane, 
vertical,  and  vertically  striated  wall,  characterized  at  most  points  by  a 
clay  gouge  from  six  inches  to  a  foot  or  more  in  thickness,  and  by  more 
or  less  extensive  sheeting  of  the  granitic  complex,  as  well  as  by  fre- 
quent oblique  breaks,  or  branch  fissures,  in  which  the  filling  of  quartz 
and  ore  chiefly  occurs.  A  more  ideal  fault  fissure  it  would  be  diffi- 
cult to  imagine;  and  that  the  movement  has  been  in  part  geolog- 
ically recent  is  indicated  by  certain  features  of  the  Griffith  and 
neighboring  mines  to  which  my  attention  has  been  directed  by 
Mr.  J.  S.  Randall,  of  Georgetown.  For  a  length  of  a  mile  or  more 
along  the  lower  slope  of  the  mountain  the  country  rock  is  in  a 
shattered  condition,  so  that  very  little  continuously  solid  rock  is 
found,  even  at  a  depth  of  hundreds  of  feet,  the  structure  being  so 
open  at  some  points  as  to  permit  a  free  circulation  of  air  through 
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the  ground.  Undoubtedly  the  fissure  system  and  the  veins  antedate 
the  modern  escarpment,  at  least  in  the  main;  but  that  there  has 
been  comparatively  recent  movement  along  this  line  is  unquestion- 
able ;  and  of  this  the  unlithified  selvage,  and  not  uncommon  breccia- 
tion  of  the  vein  contents,  with  deposition  of  crypt ocrystalline  sec- 
ondary quartz,  are  evidence. 

There  is  evidence  in  the  vein  developments  and  in  the  breaks  of 
the  northwestern  spur  of  Leavenworth  Mountain  that  the  fissure 
system  divides  in  this  mountain,  a  more  northerly  branch  following 
and  defining  the  northern  base  of  the  mountain  and  thus  determining 
the  abrupt  and  square  southern  end  of  the  Georgetown  Valley.  A 
fracture  system,  which  might  be  regarded  as  either  a  southward  con- 
tinuation or  a  repetition  of  the  main  Griffith-Centennial  line,  trav- 
erses the  eastern  slope  of  Leiavenworth  Mountain..  It  is  well  exposed 
for  study  in  the  extensive  workings  of  the  Aliunde  Mine,  and  is 
seen  to  be  characterized  by 'a. dike'  of  porphyry,  the  geological  re- 
cency of  which  is  indicated  by  its  broad  rhargins  of  obsidian.  '  The 
dike  probably  postdates  the- ore  development,;  in.  the  main,  but  the 
indications  of  movement  subsequently  to  the  fpnh'ition  of  the  dike 
are  also  very  plain ;  and  the  downthrow  is  here  quite  clearly  to  the 
east  and  not  to  the  west,  although  still  on\the  side  towards  the 
valjey.  The  chief  topographic  indication  of  this  displacement  is  found 
in  the  dislocation  of  the  tributary  valley  of  Argentine  Creek,  which 
thus  holds  the  relation  of  a  hanging  valley  to  the. valley  of  Leaven- 
worth Creek.  In  this  instance  the  creek  has  notched  its  escarp- 
ment less  deeply  and,  falling  several  hundred  feet  in  a  small  fraction 
of  a  mile,  develops  the  water  power  utilized  in  the  operation  of  the 
Aliunde  Mine.  That  the  displacement  at  the  foot  of  Leavenworth 
Gulch  is  not  measured  in  its  entirety  by  the  height  of  the  escarp- 
ment, as  shown  in  Figure  i,  is  proved  by  the  fact  that  while  the 
Dewey  &  Wheeler  concentrating  mill,  which  is  the  point  of  view 
for  Figure  2,  stands  on  bed  rock,  which  was  blasted  to  prepare  the 
foundation,  a  shaft  about  100  feet  from  the  mill,  on  the  north  side 
of  Fourth  Street,  reached  bed  rock"  only  at  a  depth  of  125  feet. 
West  of  this  a  second  shaft  (now  filled  up)  was  sunk  in  1870,  near 
the  corner  of  Rose  and  Third  Streets  in  Georgetown,  where  the 
surface  is  approximately  50  feet  lower  (the  first  shaft  starting  on  the 
detrital  cone  originating  in .  Leavenworth  Gulch),  and  not  more  than 
150   feet   from   the   steep   base   of   Leavenworth   Mountain,  reaching 
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bed  rock  at  a  depth  of  75  feet.  Half  a  mile  to  the  northward,  and 
close  against  the  base  of  Griffith  Mountain,  near  the  mouth  of  the 
lower  tunnel,  a  shaft  reached  bed  rock  at  60  feet ;  and  a  short  dis- 
tance north  of  this,  near  the  present  base  of  the  high  dump  of  the 
main  Griffith  Tunnel,  and  possibly  not  over  100  feet  from  the  base 
of  the  mountain,  a  well  was  sunk  in  early  days  to  a  depth  of  about 
ICHD  feet  without  reaching  bed  rock. 


Fig.  2.  —  View  Looking  up  the  Gorge  ok  Leavenworth  Creek. 
The  sky-line  on  the  right  shows,  in  profile,  the  original,  base-levelled  floor  of  the  valley. 


In  view  of  these  facts,  it  can  hardly  be  doubted  that  the  part  of 
the  valley  occupied  by  Georgetown  is  a  depressed  fault  block,  or 
graben,  and  that  the  valley  is  due  in  part  to  displacement  and  not 
wholly  to  erosion,  thus  suggesting  comparison  with  Yosemite  Valley. 
This  view  calls  for  another  and  complementary  fault  along  the  west 
side  of  the  valley,  at  the  base  of  Republican  Mountain,  and  of  its 
existence  we  have  ample  evidence,  although  in  this  instance  the  dis- 
placement is  not  close  against  the  mountain.  The  confluence  of  the 
two  creeks  is  not  near  the   foot  of  Leavenworth  Mountain,  as  would 
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be  most  normal,  but  half  a  mile  or  more  to  the  northward ;  and  as 
a  specially  interesting  and  puzzling  feature  in  the  topography  of 
Georgetown  we  have  the  narrow  ridge  of  granite  extending  north 
from  the  northwestern  corner,  or  spur,  of  Leavenworth,  separating 
Clear  Creek  from  the  level  plain  on  which  the  main  part  of  the 
town  is  built  and  terminating  abruptly  in  the  bold  knob  on  which 
formerly  stood  the  brick  stack  of  Hall's  reduction  works.     This  knob 


Fig.  3.  —  View  from   Hall's   Ledge   Lx>oking   up  the  Valley  of  Clear  Creek, 
WITH  THE  Devil's  Gate  Gorge  in  the  Middle  Distance. 
The  low  ridge  of  granite  in  the  foreground  separates  the  bed  of  Clear  Creek  on  the" 
right  from  the  relatively  low  plain  on  which  the  main  part  of  Georgetown  is  built. 

or  ledge  is  the  point  of  view  for  Figure  3,  which  shows  the  ridge  of 
granite  bordered  by  the  bed  of  Clear  Creek  on  the  right  and  con- 
necting upward  on  the  left  with  the  angle  of  Leavenworth  Mountain. 
On  the  west  side  of  this  ridge,  which  at  the  lowest  points  is  not 
more  than  5  feet  above  the  creek,  the  latter  actually  or  practi- 
cally flows  on  the  bed  rock  surface,  while  on  the  east  side  the  level 
gravel  floor  of  the  valley  is  10  or  12  feet,  and  the  bed  rock  floor 
85  or  90  feet,  below  the  level  of  the  creek.  Obviously  the  east 
side  of  this  ridge  is  on  a  fault  with  the  downthrow  to  the  east,  run- 
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ning  straight  up  the  north  face  of  Leavenworth  *  Mountain,  intersect- 
ing the  oblique  and  east-west  faults  previously  described  and  giving 
the  northwestern  angle  of  the  mountain  its  salient  character.  The 
ridge  just  described,  terminating  in  Hall's  Ledge,  is  clearly  only  a 
narrow  remnant  of  the  gradually  tapering  north  end  of  Leavenworth 
Mountain,  which,  we  may  or  must  believe,  once  separated  the  two 
creeks.  Accepting  this  view,  the  displacement  of  the  bed  rock  sur- 
face  is  probably  not  less  than  lOO  feet ;  and  the  most  anom- 
alous feature  is  seen  in  the  fact  that  the  creek  is  left  on  the  up- 
throw side  for  one-third  of  a  mile  after  entering  the  Georgetown 
basin.  Sedimentation  in  this  basin  has  virtually  obliterated  the  fault 
as  a  topographic  feature  of  the  valley  floor  and  destroyed  the  water 
power  to  which  it  gave  rise.  Were  the  valley  cleared  of  detritus, 
the  part  of  the  valley  of  Clear  .Creek  above  the  fault  would  become 
a  hanging  valley  in  its  relation  to  the  Georgetown  basin,  or  graben^ 
or  that  part  of  the  valley  below  the  fault. 

Under  existing  conditions,  however,  and. in  spite  of  the  accumu- 
lated detritus  .belo\y  the  main  fa'ult  just  described,  the  floor  of  this 
valley  is  abnormally,  elevated  for  a  short  distance,  where  It  is  trenched 
by  the  gorge,'  some  75  feet  in  depth,  known  .as  the  Devil's  Gate 
(Figure  3).  The  part  of  the  valley  above  the  .Devil's  Gate,  which 
may  conveniently  be  designated  the  Silver  Plume  Valley,  is,  aside 
from  the  morainal  deposits  which  terminate  half-  a  mile  or  more 
above  the  Devil's  Gate,  flat-bottomed  and  free  from  a  gorge  down 
to  the  beginning  of  the  Devil's  Gate,  where  the  rocky  floor  is  ab- 
ruptly uplifted  at  least  75  feet.  In  other  words,  local  movement,  or 
block  faulting  between  two  of  the  fractures  crossing  the  northern 
face  of  Leavenworth  Mountain,  has  raised  a  rock  dam  across  the 
valley  here  approximately  75  feet  high  and  500  to  800  feet  broad 
up  and  down  the  valley.  Through  this  dam'  the  stream  has  cut  its 
gorge;  and  the  absence  immediately  above  this  barrier  of  stratified 
deposits  or  any  evidence  of  a  lake  is  a  plain  indication  that  the  ele- 
vation was  gradual,  and  so  slow  that  the  stream  kept  pace  with  the 
movement.  The  former  course  of  Clear  Creek  across  this  elevated 
tract  can  be  traced  along  the  line  of  the  railroad  east  of  the  gorge 
in  the  waterworn  ledges  and  pot-holes  and  well-rounded  and  water- 
worn  gravel  and  bowlders  identical  with  those  of  the  modern  stream 
bed,  in  which  pot-holes  are  also  forming.  Farther  up  this  valley  we 
have  similar  and  equally  clear  evidence  of  geologically  recent  faulting 
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in  the  immense  semi-detached  block  of  Sherman  Mountain,  rising 
precipitously  from  the  north  side  of  the  valley  between  the  village  of 
Silver  Plume  and  the  group  of  rich  mines,  in  the  workings  of  which 
the  fault  fissures  have  been  extensively  and  clearly  developed  and 
repeat  the  phenomena  of  the  Aliunde  Mines  on  the  eastern  slope 
of  Leavenworth  Mountain. 

Taking  a  broader  view  of  these  phenomena,  it  appears  improbable 
that  they  are  peculiar  to  this  district,  but  rather  that  they  are  char- 
acteristic of  many  of  the  drainage  systems  of  the  mountains,  espe- 
cially towards  the  headwaters  and  the  axis  of  the  range.  The  idea 
is  inevitably  suggested  that  the  elevation  of  this  great  mountain  mass, 
the  broadest  and  possibly  one  of  the  oldest  of  the  Colorado  ranges, 
has  been  recently,  and  may  be  still  in  progress ;  and  that  while  in 
the  past  the  movement  has  been  chiefly  massive,  developing  the 
magnificent  fault  scarp  overlooking  the  plains,  it  has  in  later  times 
affected  the  axis  more  than  'the  margin  of  the  orographic  block, 
leading  to  a  marked  tilting  of  the  Cretaceous  peneplain  represented 
by  the  broad,  grassy  uplands  or  shoulders  (alps)  of  the  mountains; 
and  in  part,  at  least,  the  uplift  is  very  locally  differential  and,  in  the 
Georgetown  instance,  in  a  way  to  accentuate  the  topography. 
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Methods  of  Gas  Analysis.  By  Dr.  Walther  Hempel  Translated  from 
the  third  German  edition  and  considerably  enlarged  by  L.  M. 
Dennis.     New  York:  The  Macmillan  Co.     1902.     Price,  $2.25. 

This  makes  practically  a  fourth  edition  of  Hempel's  well  known 
and  compendious  work  upon  the  subject.  Some  hundred  pages  have 
been  added,  including  new  methods  of  collecting  and  keeping  gas 
samples,  the  use  of  the  Orsat  and  Bunte  apparatus,  of  the  determi- 
nation of  combustible  gases  and  the  separation  of  argon  from  the 
air.  The  analysis  of  acetylene  gas,  of  the  gases  produced  by  bacteria, 
or  evolved  in  the  electrolysis  of  chlorides  and  in  the  manufacture  of 
bleaching  powder,  is  detailed  quite  fully. 

Especially  valuable  additions  are  the  descriptions  of  an  apparatus 
for  the  determination  of  the  heating  power  of  small  quantities  of  gas ; 
of  a  flame  calorimeter  for  the  determination  of  the  calorific  power  of 
gases  by  the  height  of  a  flame,  like  the  gas  works*  photometer;  of 
the  "gas  lantern,"  an  apparatus  for  controlling  gas  processes  and  in- 
specting heating  plants.  A  chapter  has  been  included  upon  the  volu- 
metric determination  of  carbon  in  steel. 

In  common  with  many  foreign  treatises,  work  done  in  other  coun- 
tries has  been  overlooked;  one  seeks  in  vain  for  mention  of  the 
work  of  Campbell  and  Hart  upon  the  absorption  of  hydrogen  by 
palladium  chloride,  or  of  that  of  Clowes  on  the  absorption  of  oxygen 
by  potassium  pyrogallate,  and  of  others. 

There  are,  too,  several  statements  and  operations  which  are  open  to 
serious  question:  for  example,  in  the  method  of  sampling  gases,  an* 
iron  tube  is  used  for  temperatures  above  300°.  Moissan  and  also 
Fischer  have  shown  that  ferric  oxide  is  reduced  by  carbonic  oxide 
at  350°  and  higher;  when  this  takes  place  the  analysis  would,  of 
course,  give  an  utterly  false  impression  of  what  is  transpiring  within 
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the  furnace.  A  method  for  the  estimation  of  nitrogen  trioxide  is 
given,  although  according  to  Lunge  and  Pdrschner  this  gas  does  not 
exist.  With  the  Hempel  calorimeter,  coal  is  compressed  into  cyl- 
inders for  combustion.  The  statement  might  have  been  added  that 
this  is  impracticable  for  anthracites  and  for  many  samples  of  Amer- 
ican bituminous  coals. 

The  subject  of  the  practical  application  of  gas  analysis  to  chimney 
gases  is  dismissed  with  too  little  detail.  Although  the  primary  object 
of  the  book  is  to  describe  Hempel's  apparatus  and  methods,  an  im- 
portant apparatus  like  the  gas  calorimeter  of  Junkers  need  not  have 
been  omitted. 

The  index  could  be  enlarged  to  advantage  in  this  and  the  German 
editions.  A.  H.  Gill. 


Steam  Power  Plants^  Their  Desigfi  and  Construction.     By  Henry  C. 
Meyer,  Jr.     New  York  :  McGraw  Publishing  Co.     1903.     $2.00. 

This  book  is  the  assemblage  and  amplification  of  a  series  of  articles 
which  originally  appeared  in  the  Engineering  Record^  and  which  were 
written  with  the  idea  of  giving  the  purchasers  of  boilers,  engines,  and 
other  parts  of  steam  power  plants  some  idea  of  their  problems,  whether 
their  problems  were  approached  with  the  aid  of  a  consulting  engineer, 
or  with  nothing  more  than  a  business  man's  common  sense  and  gen- 
eral information. 

That  the  author  apprehends  the  dangers  and  difficulties  of  the 
situation  is  shown  by  his  opening  sentence :  "  No  better  service  can 
be  done  the  non-expert  about  to  construct  a  steam  plant  than  to 
advise  him  to  engage  at  the  outset  of  the  project  some  capable  engi- 
neer to  design  the  plant  and  superintend  its  installation."  If  the 
non-expert  will  heed  this  advice,  the  book  cannot  do  any  harm  and 
is  likely  to  do  much  good.  The  purchaser  will  undoubtedly  better 
understand  his  expert  and  will  be  better  able  to  decide  on  the  busi- 
ness side  of  the  transaction,  which  must,  first  or  last,  be  decided  by 
the  purchaser.  There  is  much,  also,  that  may  be  profitably  read  by 
engineers,  and  some  things  that  are  not  usually  found  in  manuals 
and  text-books  on  engines  and  boilers. 
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Another  bit  of  good  advice  is  that  the  intending  purchaser  of  a 
small  steam  outfit  shall  go  to  some  builder  of  good  repute  and,  after 
stating  his  case,  take  what  is  given  him ;  this  will  include  a  consid- 
erable amount  of  free  expert  advice,  which  in  general  will  be  good 
and  not  too  much  biased  by  the  interest  of  the  seller. 

After  giving  such  sound  advice,  one  wonders  why  the  author  should 
include  tables  of  dimensions  of  boilers,  proportions  of  riveted  joints, 
and  standard  pipe-fittings.  These  give  the  information  required  by 
the  designer  of  an  engine  or  boiler  and  not  by  the  purchaser;  and 
the  designer  has  much  fuller  information  than  can  be  included  in  such 
a  book.  It  also  appears  remarkable  that  our  old  friend,  the  formula 
for  the  thickness  of  a  thin  hollow  cylinder,  should  be  credited  to  the 
inspection  department  of  the  city  of  Philadelphia.  But,  after  all,  this 
array  of  technical  information  may  deter  the  non-expert  from  entering 
too  lightly  into  engine  and  boiler  design. 

Among  the  many  features  to  be  commended  are  samples  of  speci- 
fications for  engines  and  boilers  and  other  appliances,  together  with 
information  concerning  the  customary  way  of  arranging  these  mat- 
ters. A  number  of  minor,  and  yet  important,  matters  may  be  noted, 
for  example,  that  the  builder  or  bidder  should  be  notified  if  there  is 
a  traveling  crane  or  other  facility  for  handling  and  erecting  machin- 
ery, in  order  that  he  may  take  account  of  it  in  making  his  bid. 

Chapters  to  be  especially  commended  are  those  on  piping  and 
handling  coal ;  here  there  is  the  maximum  of  common  sense  with  a 
minimum  of  expert  information,  and  a  business  man  may  readily 
understand  the  greater  part  of  the  matter  presented.  In  contradis- 
tinction, it  is  difficult  to  see  what  such  a  man  can  get  from  the  chap- 
ter on  chimneys,  unless  it  may  be  the  opinion  that  they  are  expensive 
and  both  difficult  and  uncertain  in  design.  It  is  to  be  regretted  that 
the  author  did  not  quote  tables  of  sizes  (such  as  are  given  by  Kent 
and  others)  instead  of  formulae,  which  are  somewhat  difficult  to  use, 
and  in  the  hands  of  the  non-expert  may  lead  to  absurd  results ;  in 
the  tables  such  absurdities  are  carefully  omitted.  Exception  should 
be  taken  to  the  statement  that  a  mechanical  stoker  can  be  run  by 
firemen  of  ordinary  intelligence ;  it  is  more  proper  to  say  that  these 
appliances  always  work  well  in  the  hands  of  experts  sent  out  by  the 
makers,  and  frequently  fail  because  they  are  afterwards  run  without 
sufficient  intelligence.  In  the  book  are  a  number  of  illustrations  to 
explain    methods   and   details,  and  also  a  number  of  excellent   plates 
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showing  large  and  well-arranged  steam  plants,  without  explanation. 
They  are  interesting  and  much  can  be  learned  from  them  without 
explanation,  but  it  is  a  question  whether  they  will  not  be  a  disappoint- 
ment to  the  class  for  which  the  book  is  primarily  intended. 


Science  Abstracts,  Physics  and  Electrical  Engineering,  London : 
Feilden  Pub.  Co.  New  York :  International  News  Co.  Monthly. 
Subs.  JP7.50;  single  section,  II4.50  yearly. 

All  who  are  interested  in  the  science  of  Physics  in  its  various 
branches,  or  are  concerned  with  the  application  of  physical  principles 
to  engineering  problems,  know  that  English  **  Monatsbericht,"  Science 
Abstracts,  and  recognize  its  value  as  a  source  of  information  in  regard 
to  the  work  being  done  in  this  field.  The  announcement  of  a  change 
in  the  plan  of  publication  will  be  received,  therefore,  with  considerable 
interest. 

This  journal  was  published  first  in  1895  as  a  supplement  to  the 
Proceedings  of  the  Physical  Society  of  London,  under  the  title,  ''Ab- 
stracts of  Physical  Papers  from  Foreign  Sources.'*  In  1898,  the  first 
volume  under  the  present  title  was  issued,  and  the  scope  of  the  pub- 
lication was  extended  to  include  electrical  engineering.  It  became 
at  that  time  a  partially  independent  journal,  published  under  the  direc- 
tion of  a  joint  committee  from  the  Institution  of  Electrical  Engineers 
and  the  Physical  Society  of  London.  The  responsible  editor  is  now 
G.  W.  de  Tunzelman,  and  the  journal  is  entering  upon  its  sixth  year 
of  publication. 

It  will  in  future  be  published  in  two  sections :  Sectiofi  A,  Physics, 
embracing  light  (including  photography),  heat,  sound,  electricity  and 
magnetism,  chemical  physics  and  electro-chemistry,  general  physics, 
meteorology  and  terrestrial  physics,  and  physical  astronomy;  and 
Section  B,  embracing  steam  plant,  gas  and  oil  engines,  automobiles, 
oil  engine  driven  ships  and  launches,  balloons  and  airships;  general 
electrical  engineering,  including  industrial  electro-chemistry,  electric 
generators,  motors  and  transformers,  electrical  distribution,  traction 
and  lighting,  and  telegraphy  and  telephony.  The  subscription  price 
will  be  eighteen  shillings,  or  four  and  a  half  dollars,  for  each  section 
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separately,  including  index ;   for  the  two   sections   thirty  shillings,  or 
seven  and  a  half  dollars. 

The  American  Physical  Society  is  now  joined  with  the  Institution 
of  Electrical  Engineers  and  the  Physical  Society  of  London  in  the 
direction  of  the  publication,  and  has  elected  Professor  E.  H.  Hall 
of  Harvard  University  as  its  representative  on  the  publishing  com- 
mittee. In  consequence  of  this  arrangement,  Section  A  will  in  future 
be  received  by  all  members  of  the  American  Physical  Society.  The 
American  Institute  of  Electrical  Engineers  is  also  co-operating  with 
the  committee  and  taking  special  means  to  bring  the  publication  to 
the  notice  of  all  their  members,  who  will  in  future  be  able  to  obtain 
it  at  a  reduced  subscription  rate  through  the  secretary  of  the  Ameri- 
can Institute. 
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HE  MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY  aims  to  give 
thorough  instmction  in  Civil  Engineering,  including  a  Railroad  option; 
Mechanical  Engineering,  including  options  in  Locomotive  Construc- 
tion, Mill  and  Marine  Engineering,  and  Heating  and  Ventilation; 
Mining  Engineering  and  Metallurgy;  Chemical,  Electrical,  and  Sanitary  En- 
gineering; in  Chemistry;  Architecture,  with  Landscape  and  Architeci'ural 
Engineering  options ;  Physics ;  Electro-Chemistry ;  Biology;  Geology;  and  Naval 
Architecture. 

To  be  admitted  to  the  Institute  the  applicant  must  have  attained  the  age  of  seventeen 
years,  and  must  pass  examinations  in  algebra,  plane  and  solid  geometry,  history  of  the  United 
States  (or  ancient  history),  English,  French,  and  German.  Preparation  in  some  one  of  a 
series  of  elective  subjects  is  also  required.  A  division  of  these  examinations  between  two 
successive  years  is  allowed.  In  general,  a  faithful  student  who  has  passed  creditably  through 
a  good  high  school,  having  two  years'  study  of  French  and  of  German,  should  be  able  to 
pass  the  Institute  examinations. 

Graduates  of  Colleges,  and  in  general  all  applicants  presenting  certificates  representing 
work  done  at  other  colleges,  are  excused  from  the  usual  entrance  examinations  and  from  any 
subjects  already  satisfactorily  completed. 

The  regular  courses  are  of  four  years*  duration,  and  lead  to  the  degree  of  Bachelor  of 
Science.  In  most  courses  the  work  may  also  be  distributed  over  five  years  by  students  who 
prefer  to  do  so.  Special  students  are  admitted  to  work  for  which  they  are  qualified ;  and 
advanced  degrees  of  Master  of  Science  and  of  Doctor  of  Philosophy  are  g^ven  for  resident 
study  subsequent  to  graduation.  A  graduate  school  of  engineering  research  has  been 
recently  established. 

The  tuition  fee,  not  including  breakage  in  the  chemical  laboratory,  is  I250  a  year.    In 
addition^  ^25  or  ^30  per  year  is  required  for  books  and  drawing  materials. 
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The  575th  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Friday  evening,  January  23d,  at  8 
o'clock,  Professor  Niles  presiding.     Eighty-five  persons  were  present. 

After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Mr.  F.  H.  Newell,  Chief  Engineer,  United  States  Geolog- 
ical Sui^vey,  addressed  the  Society  on  "The  Reclamation  of  the 
Arid  Public  Lands."  The  lecture  was  fully  illustrated  with  lantern 
slides. 

A  vote  of  thanks  was  tendered  the  speaker  and  the  meeting 
adjourned. 

The  576th  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  Thursday  evening,  February  12th,  at 
8  o'clock,  Mr.  James  P.  Munroe  in  the  chair.  Four  hundred  and 
fifty  persons  were  present. 

After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Mr.  George  Kennan  addressed  the  Society  on  **  Martinique 
and  Mt.  Pel^e." 

A  vote  of  thanks  was  tendered  the  speaker  and  the  meeting 
adjourned. 
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The  577th  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Thursday  evening,  February  26th, 
at  8  o'clock,  Professor  Cross  in  the  chair.  One  hundred  and  twenty 
persons  were  present. 

After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Mr.  George  W.  Miles,  analytical  and  consulting  chemist, 
was  elected  to  Associate  Membership  in  the  Society. 

The  address  of  the  evening  was  by  Professor  Louis  Derr,  who 
exhibited  some  new  apparatus  for  illustrating  certain  electro-magnetic 
phenomena. 

A  vote  of  thanks  was  tendered  the  speaker  and  the  meeting 
adjourned. 


The  578th  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Thursday  evening,  March  12th,  at 
8  o'clock,  Mr.  Peabody,  of  the  Corporation,  in  the  chair.  Eighty- 
five  persons  were  present. 

After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Mr.  J.  Knox  Taylor,  Supervising  Architect,  Treasury  De- 
partment, addressed  the  Society  on  "Government  Architecture." 

A  vote  of  thanks  was  tendered  the  speaker  and  the  meeting 
adjourned. 


The  5  79th  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Thursday  evening,  March  26th,  at 
8  o'clock,  Professor  Talbot  in  the  chair.  Seventy-five  persons  were 
present. 

After  the  minutes  of  the  previous  meeting  were  read  and  ap- 
proved, Mr.  H.  J.  W.  Fay  was  elected  to  Associate  Membership  in 
the  Society. 

Mr.  George  W.  Fuller  then  addressed  the  Society  on  "The  Com- 
position of  Sewage  with  Relation  to  Problems  of  Disposal."  The 
paper  will  be  printed  in  full  in  the  next  number  of  the  Technology 
Quarterly. 

After  the  subject  of  the  paper  had  been  discussed  by  Professor 
Talbot,  Professor  Kinnicutt,  and  Professor  Sedgwick,  a  vote  of  thanks 
was  tendered  the  speaker  and  the  meeting  adjourned. 
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The  580th  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Thursday  evening,  April  9th,  at 
8  o'clock,  Mr.  Munroe,  of  the  Corporation,  in  the  chair.  One  hun- 
dred and  thirty-five  persons  were  present. 

After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Mr.  R.  H.  Dana  addressed  the  Society  on  "The  Charles 
River  Dam."  A  number  of  lantern  slides  illustrating  the  subject 
were  shown. 

After  a  brief  discussion,  a  vote  of  thanks  was  tendered  the 
speaker  and  the  meeting  adjourned. 

James  F.  Norris,  Secretary, 


6o  .  G.  L.  Hosmer. 


THE  FIGURE  OF  THE  EARTH  FROM  PENDULUM  OB- 
SERVATIONS MADE  IN  GREENLAND  IN  1896  AND 
IN  SUMATRA  IN  1901  BY  EXPEDITIONS  FROM  THE 
MASSACHUSETTS  INSTITUTE   OF  TECHNOLOGY. 

By  G.  L.  hosmer. 

Ever  since  Richer,  in  1672,  observed  the  variation  of  gravity  with 
the  latitude,  the  pendulum  has  been  recognized  by  geodesists  as  a 
valuable  instrument  for  determining  the  figure  of  the  earth.  The 
recent  improvements  of  the  so-called  **  invariable  pendulum  '*  make 
this  instrument  more  important  than  ever  before  as  a  means  of  solving 
this  problem. 

In  1743,  Clairaut  published  his  theorem  for  finding  the  flattening 
of  the  poles  from  the  value  of  gravity  at  the  equator  and  at  the  poles. 
His  formula  is : 

^  ^        ge  g. 

where  a  and  b  are  the  major  and  minor  semi-axes  of  the  meridian 
'ellipse ;  c  is  the  centrifugal  force  at  equator ;  g^  and  g^  are  the  accelera- 
tions due  to  gravity  at  poles  and  equator  respectively. 

It  is  not  practicable  to  get  the  value  of  gravity  at  the  pole  directly,, 
but,  since  the  law  of  variation  is  known,  we  may  reduce  observations 
at  any  latitude  to  the  corresponding  values  at  the  pole.  The  formula 
for  this  variation  is : 

g,.=  g.   (i+^7-^^sin«^.)  (2) 

in  which  g^  is  the  value  of  gravity  in  latitude  ^^. 

From  this  formula  it  will  be  seen  that  determinations  of  gravity 

at  two  different  stations  will  give  a  value  of  ,  or  the  polar  com- 

a 

pression.     If   many  observations  are  taken,  the  most  probable  values 
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of  g^  and  g^  may  be  determined  by  the  method  of  least  squares  and 
the  value  of  may  be  found  from  these. 

In  this  article  we  propose  to  derive  a  value  for  the  polar  compres- 
sion depending  upon  observations  for  the  force  of  gravity  at  the 
stations  shown  in  the  following  table: 


Station. 


Obsbrvbr. 


Expedition. 


Umanak,  Greenland. 


Niantilik,  Cumberland  Sound. 


Ashe  Inlet,  Hudson  Strait. 


Sydney,  Cape  Breton. 


Washington,  D.  C. 


Singapore,  Straits  Settlements. 


Sawah  Loento,  Sumatra. 


G.  R.  Putnam. 


G.  R.  Putnam. 


G.  R.  Putnam. 


G.  R.  Putnam. 


(  G.  R.  Putnam.  ) 
\  G.  L.  Hosmer.  J 
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Boston  party  of  sixth  Peaiy 
expedition  to  Greenland, 
1896,  in  charge  of  Prof. 
A.  E.  Burton. 

Boston  party  of  sixth  Peary 
expedition  to  Greenlana, 
1896,  in  charge  of  Prof. 
A.  E.  Burton. 

Boston  party  of  sixth  Peary 
expedition  to  Greenlana, 
1896,  in  charge  of  Prof. 
A.  £.  Burton. 

Boston  party  of  sixth  Peaiy 
expedition  to  Greenland, 
1896,  in  charge  of  Prof. 
A.  E.  Burton. 


Reference  station. 

Mass.  Institute  of  Technol- 
ogy eclipse  expedition  to 
Sumatra,  1901,  in  charge 
of  Prof.  A.  E.  Burton 

Mass.  Institute  of  T^hnol- 
ogy  eclipse  expedition  to 
Sumatra,  1901,  in  charge 
of  Prof.  A.  E.  Burton. 


An  inspection  of  the  figure  will  show  that  these  stations  lie 
approximately  along  the  same  meridian.  The  measures  of  g  were  made 
with  the  half-second  invariable  pendulums  belonging  to  the  United 
States  Coast  and  Geodetic  Survey.  This  instrument  gives  the  rela- 
tive force  of  gravity  at  the  points  observed. 

The  values  of  g  for  the  seven  stations  are  shown  in  tiie  following 
table.  These  values  are  based  on  the  assumption  that  g  at  Washing- 
ton is  980.102. 
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lefl-      ,7 


►  90- 


Stsreographic  Projection  of  Northern  Hemisphere  Showing  Positions  of 

Pendulum  Stations. 


Station. 

^  Rkduchd  to 
Sba-lrvbl.' 

Latitude. 

LONGITUDB. 

Umanak. 

982.595 

+  70°  40^  29" 

+  52°  08'  21'' 

Niantilik. 

982.276 

+  64°  53'  30" 

+  66°   19'  82" 

Ashe  Inlet 

982.111 

+  62°  32'  48" 

+  70°  35'  20" 

Sydney. 

080.723 

+  46°  08'  32" 

+  6Q°  11'  47" 

Washington. 

980.102 

+  38°  53'  13" 

•f  77°  OC  32" 

Singapore. 

978.049 

+  01°  16'  44" 

—  103°  50'  13" 

Sawah  Loento. 

978.058 

—  00°  41'  40" 

—  100°  46'  40" 

"  For  reports  of  these  observations  by  the  observers  see  Vol.  X,  p.  59,  and  Vol.  XV,  p.  35,  of  the  Tbcm- 
NOLOGV  Quarterly  and  the  Coast  and  Geodetic  Survey  Report  for  1897,  p.  299. 
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If  we  sdbstitute  in  equation   (2)  for  g^  the  observed  values,  we 
obtain  the  following  observation  equations : 

982.595  —g,—  .890485  {g,—g^  =  o. 
982.276  —g^  —  .819943  {g,—g;)  =  o. 
'  982.1  II —^,  —  .787455  (^,—^>)  =  o. 
980.723  —g^  _  .519930  {g,—g,)  =  o. 
980.102  —g,  —  .3941  IS  {g.—g,)  =  o. 
978.049  —g,  —  .000498  {g^  —  g^)  =  o. 
978.058  —g  —  .000147  {ge—gp)  =  o 

Assume  g^  =  978  +  ^ 

then  the  equations  become 

4.595  —^—  .890485  {g,  —  g^)  =  o. 
4.276  —  k  —  .819943  {ge^g,)  =  o. 
4.1 1 1  —>&—. 787455  {ge—g,)  =  o. 
2.723  —  k  —  .s  19930  {g^  —  g^)  ~  o. 
2.102  —k  —  .3941 1 5  U,  —  ^^)  =  o. 

.049  —  k  —  .000498  (^,  —  ^^)  =  o. 

.058  —  k  —  .000147  {g,  —  g^)  =  o. 

The  normal  equations  are 

17.914  —  7k—  3.41257  {g.—g,)  =  o. 
13.07932  —  3-41257'^  —  2.51  loi  {g,  —g,)  =  o. 

Hence  k  ==  .0586,  g^  =  978.059  and^,  —g^  =  5.1292. 
These  values  substituted  in  Clairaut's  formula  (equation  i)  give  : 

a  —  d  5  I  5.1292    I 


a  2  '  288.41         978.059         292.06 

This  value  agrees  closely  with  that  given  by  Clarke  in  his  work 

on   geodesy,  namely   .     That   a  value   derived   from  only  seven 

observations  should  agree  with  one  derived  from  a  large  number  must 
be  regarded  as  accidental,  since  the  deviation  of  gravity  at  any  station 
from  the  normal  value  may  be  considerable.  The  result  indicates, 
however,  that  a  few  observations  well  distributed  and  all  made  with 
the  same  instrument,  giving  the  relative  force  of  gravity,  will  give  a 
fair  approximation  to  the  true  value.  . 
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A  STUDY  OF  THE  GEOLOGY  OF  THE  CHARLES  RIVER 
ESTUARY  AND  BOSTON  HARBOR,  WITH  SPECIAL 
REFERENCE  TO  THE  BUILDING  OF  THE  PROPOSED 
DAM  ACROSS   THE  TIDAL  PORTION  OF  THE  RIVER} 

By  W.  O.  CROSBY. 

Introduction. 

The  investigation  was  intended  to  cover  the  geological  history  of 
the  present  harbor  and  its  channels,  including  the  estuary  of  the 
Charles,  in  order  to  learn  how  far  these  channels  had  their  origin  in 
tidal  scour,  and  how  far  the  reported  conclusions  of  forty  years  ago 
regarding  the  origin  and  preservation  of  the  channels  are  in  accord 
with  the  teachings  of  modern  geology. 

It  was  also  desired  that  all  recorded  borings  in  the  vicinity  of  the 
site  of  the  proposed  dam  should  be  studied  from  the  geological  point* 
of  view,  in  order  to  learn  the  character  of  the  ground  on  which  the 
dam,  with  its  heavy  masonry  locks  and  sluices,  would  have  to  be  built. 

The  Bed  Rock. 

The  geological  data  having  a  bearing  upon  the  problems  presented 
by  the  proposed  dam  across  the  tidal  portion  of  the  Charles  River  are 
chiefly  those'  relating  to  the  glacial  and  postglacial  periods  in  the  history 
of  the  river.  The  underlying  bed  rock,  largely  of  a  slaty  character,  is 
in  general,  and  especially  for  points  near  the  modern  river,  so  deeply 
buried  beneath  the  glacial  and  later  deposits  as  to  be  without  appre- 
ciable direct  influence  in  determining  surface  features  and  conditions. 
Under  the  general  processes  of  glacial  and  preglacial  erosion,  however, 


^This  study,  printed  with  permission  of  the  Charles  River  Dam  Committee,  was 
made  in  order  to  answer  certain  questions  propounded  by  J.  R.  Freeman,  Engineer  to 
the  Committee,  with  special  reference  to  the  probable  effect  of  the  prop>osed  dam  near 
Craigie  Bridge  upon  the  shoaling  of  the  harbor,  and  also  in  order  to  learn  the  character 
of  the  deep  substrata  at  the  proposed  dam  site  in  relation  to  furnishing  an  impervious 
and  unyielding  foundation  ^or  the  dam,  the  locks,  and  the  sluices 
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the  character  and  structure  of  the  bed  rock  have  undoubtedly  deter- 
mined in  a  large  degree  the  contours  and  trend  of  the  bed-rock  valley ; 
but  these  are  reflected  in  the  surface  topography  only  in  a  very  broad 
and  general  fashion,  and  chiefly  indirectly,  determining  the  accumu- 
lation or  massing  of  the  glacial  drift  or  bowlder  clay  in  which  the  relief 
features  of  this  part  of  the  valley  afe  now  mainly  expressed.  It  ap- 
pears, therefore,  that,  notwithstanding  its  unobtrusive  character,  the 
bed  rock  is  still  a  factor  in  this  problem,  and  the  natural  starting-point 
of  the  investigation. 

Character  and  Structure  of  the  Bed  Rock. 

Many  borings  and  excavations,  supplemented  by  an  occasional  out- 
crop toward  the  head  of  the  estuary,  suffice  to  show  that  the  concealed 
bed-rock  floor  of  this  part  of  the  Charles  River  valley  is  mainly  slate, 
of  similar  character  to  that  so  well  exposed  in  the  Somerville  ledges 
and  quarries,  with  probably,  as  in  Somerville,  an  occasional  dike  of 
diabase  (trap). 

The  general  geologic  structure  of  this  district  is  comparatively 
simple.     The  main  features,  beginning  on  the  south,  are: 

First,  —  A  broad  band  of  conglomerate,  trending  east-west  through 
Newton,  Brookline,  Roxbury,  and  Dorchester  to  the  harbor  at  Savin 
Hill.  The  structure  of  this  belt  of  conglomerate  is  anticlinal,  the  beds 
dipping  northward  on  the  north  side  and  southward  on  the  south  side, 
and  passing  in  both  directions  beneath  the  overlying  slate  formation, 
which  once  arched  completely  over  and  concealed  the  conglomerate. 
Not  only  has  erosion  cut  through  the  slate  and  deeply  into  the  con- 
glomerate, but  to  the  westward,  in  Newton  and  Needham,  it  has  also 
cut  entirely  through  the  conglomerate,  exposing  the  ancient  volcanic 
rocks  —  melaphyr  and  f elsite  —  which  here  form  the  floor  of  the  Boston 
basin.  As  it  approaches  the  sea  this  broad  arch  of  conglomerate  nar- 
rows rapidly,  the  axis  subsiding  in  this  direction ;  but  it  probably  ex- 
tends at  least  as  far  east  as  Thompson's  Island  before  it  is  completely 
covered  by  the  slate.  This  anticlinal  belt  of  conglomerate  lies  about 
midway  between  the  northern  and  southern  borders  of  the  Boston  basin 
—  the  northern  highlands  (culminating  in  Arlington  Heights)  and  the 
Blue  Hills,  —  and  is  at  once  the  central  and  dominant  arch  or  structural 
feature  of  the  basin,  determining,  by  its  superior  resistance  to  erosion  as 
conipared  with  the  softer  bordering  slates,  a  topographic  division  of 
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the  basin  into  two  broad  longitudinal  valleys  —  the  Charles  and  the 
Neponset. 

Second.  —  Each  of  these  main  valleys  is  divided  longitudinally  by  a 
subordinate  belt  of  conglomerate  and  volcanic  rock.  That  on  the  north, 
in  which  alone  we  are  now  interested,  extends  through  Newton  and 
Brighton,  south  of  the  Boston  &  Albany  Railroad,  but  seems  to  die  out 
in  Brookline  before  reaching  the  Back  Bay  district  of  Boston,  the  belt 
of  slate  separating  it  from  the  main  central  belt  of  conglomerate  widen- 
ing rapidly  eastward  from  the  \dcinity  of  Chestnut  Hill  Reservoir. 

Third.  —  In  the  hills  north  of  the  Charles  River,  in  Watertown, 
another,  but  very  subordinate,  anticlinal  ridge  of  conglomerate  rises 
through  the  slate.  But  with  this  exception,  the  entire  area  between 
the  conglomerate  of  the  Newton  and  Brighton  ridge  and  the  granitic 
rocks  of  the  northern  highlands,  expanding  eastward  to  embrace  Bel- 
mont, Cambridge  and  Somerville,  is  underlain,  so  far  as  known,  by 
slate,  which,  in  the  longitude  of  Boston  proper,  is  probably  continuous 
from  Arlington  Heights  to  the  northern  boundary  of  Dorchester  and 
the  southern  shores  of  South  Bay  and  Old  Harbor. 

Fourth,  —  Below  Riverside  the  course  of  the  Charles  River  is 
wholly  confined  to  the  southern  part  of  the  broad,  northern  slate  area, 
where  the  structure  is  clearly  synclinal,  the  topographic  valley  coincid- 
ing with  a  geologic  valley.  The  trend  of  this  slate  syncline,  conforming 
with  the  Newton  and  Brighton  anticline,  is  first  to  the  north-northeast, 
parallel  with  the  western  border  of  the  basin,  nearly  to  Waltham,  and 
then  to  the  eastward,  as  far  as  Cambridgeport  and  the  eastern  end  of 
the  anticline,  where,  probably,  it  is  deflected  toward  a  southeasterly 
course  in  conformity  with  the  ledges  of  Somerville  and  Governor's 
Island.  Having  once  reached  this  trough  of  relatively  soft  rocks,  the 
river  has  followed  it  to  the  sea,  and  continues  to  follow  it,  with  some 
obvious  meanders  and  digressions,  in  spite  of  the  deep  drift  deposits 
which  now  encumber  and  obscure  its  bed-rock  valley. 

Topography  of  the  Bed  Rock. 

The  generax  conclusions  to  be  noted  under  this  head  are  mainly 
based  upon,  first,  the  actual  outcrops  of  the  bed  rock  ;  second,  the 
drumlins  or  special  accumulations  of  bowlder  clay,  which  are  usually 
either  based  upon  ledges  or  indicate  relatively  elevated  portions  of  the 
bed-rock  surface,  and  embrace  nearly  all  the  bowlder  clay  of  this  area 
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not  covered  by  modified  (washed  and  stratified)  drift ;  and,  third,  and 
especially,  upon  all  the  deep  borings  and  excavations  of  which  I  have 
been  able  to  obtain  a  definite  record. 

It  may  be  noted  not  only  that  the  distribution  of  the  drumlins  is 
in  harmony  with  that  of  the  rock  outcrops,  the  two  classes  of  facts 
co-operating  to  determine  the  outline  of  the  bed-rock  valleys  ;  but 
also  that  the  bed-rock  contours,  based  chiefly,  as  stated,  upon  the 
borings,  are  yet  in  harmony  with  both  the  natural  outcrops  and  the 
drumlins. 

We  thus  discover  not  only  that  the  bed-rock  valley  of  the  Charles 
River  follows  approximately  the  modern  course  of  that  stream  below 
Riverside,  and  that  both  are  in  substantial  harmony  with  the  geologic 
structure ;  but  also  that  it  is  joined,  between  Brighton  and  Cambridge, 
by  a  still  deeper  and  broader  valley  from  the  northward,  which  is 
readily  identified  as  a  direct  southward  continuation  of  the  valley  of  the 
Mystic  River  where  it  cuts  through  the  northern  highlands  and  enters 
the  Boston  basin. 

The  highland  section  of  the  valley  of  the  Mystic  is,  in  size,  out  of 
all  proportion  to  the  diminutive  stream  which  now  poses  as  its  archi- 
tect ;  and,  as  I  have  elsewhere  shown,  ^  it  is  highly  probable  that  we 
have  here  the  preglacial  channel  of  the  Merrimac  River,  which  fol- 
lowed the  general  course  of  the  Middlesex  canal  from  the  great  bend 
at  North  Chelmsford  to  West  Medford,  whence,  instead  of  bending 
abruptly  to  the  eastward,  as  does  the  modern  Mystic,  it  continued  in 
the  same  general  direction  across  Cambridge  to  its  confluence  with 
the  Charles,  this  part  of  its  course  being  approximately  marked  now 
by  the  basins  of  Spy  and  Fresh  ponds,  and  being  further  attested  by 
the  deep  boring  near  the  outlet  of  Fresh  Pond,  which  reached  bed 
rock  at  a  depth  of   148  feet,  or  about  130  feet  below  mean  sea  level. 

The  Charles  thus  appears  as  a  preglacial  western  tributary  of  the 
preglacial  Merrimac ;  and  the  course  of  the  united  streams,  or  of  the 
Merrimac  after  receiving  the  waters  of  the  Charles,  was  clearly  not 
that  of  the  modern  Charles  around  the  north  end  of  Boston,  but 
directly  across  the  Back  Bay  and  the  South  End  districts  of  Boston 
(Boston  Neck*  and  Dorchester  Neck)  to  Old  Harbor. 

It  is  extremely  probable,  as  will  appear  more  clearly  later,  that 
the  slate  ledges  of  Somerville  are  continued  as  more  or  less  distinct 
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ridges  underlying  Charlestown  and  the  north  end  of  Boston.  These  - 
ridges  are  doubtless  more  or  less  irregular  and  discontinuous;  but 
there  seems  to  be  no  reason  to  doubt  that  they  should  be  regarded 
as  an  effectual  bar  to  the  view  that  the  preglacial  drainage  of  the 
Charles  River  valley  followed  the  course  of  the  modern  river  below 
Harvard  Bridge. 

On  the  other  hand,  the  far  more  direct  southern  course  is  free 
and  unobstructed  to  a  depth  of  200  feet  or  more.  The  southern 
border  of  this  valley  is  quite  well  defined  by  the  outcropping  ledges 
in  Brighton,  Roxbury,  and  Dorchester,  and  the  northern  border  is 
also  indicated  by  less  prominent  ledges  in  South  Boston.  Reviewing 
the  borings,  we  find  that  beneath  Cambridgeport  the  bed  rock  is  from 
no  to  at  least  150  feet  below  sea  level,  rising  toward  the  north; 
across  the  Back  Bay  and  South  End  districts  of  Boston,  several  borings 
have  reached  the  bed  rock  at  depths  of  140  to  170,  and  even  200  feet ; 
and  a  boring  near  the  northern  shore  of  the  Calf  Pasture  in  Dorchester, 
and  presumably  on  the  southern  slope  of  the  valley,  reached  bed  rock 
at  a  depth  of  166  feet ;  while  at  the  pumping  station  of  the  main 
drainage  system,  at  Old  Harbor  Point,  bed  rock  was  reached  at  a 
depth  of  214  feet,  or  204  feet  below  low  tide.  It  is  apparent  that 
from  West  Medford  the  preglacial  Merrimac  held  its  southward  course 
across  the  Boston  basin  until  it  was  joined  by  the  Charles  near  the 
east  end  of  the  Newton  and  Brighton  anticlinal  band  of  the  harder 
rocks;  and  that  from  this  point  the  course  was  more  southeasterly, 
but  still  crossing  the  strike  of  the  slate  beds,  until  it  met  the  north 
side  of  the^  great  Brookline  and  Savin  Hill  arch  of  conglomerate,  which 
deflected  it  to  the  eastward,  the  seaward  course  of  the  buried  channel 
being  probably  to  the  north  of  Thompson's  and  Spectacle  islands, 
and  thence  seaward  via  Presidents  Roads  and  Broad  Sound.^ 

Continuing  the  general  view  of  the  bed-rock  topography  and  re- 
calling that  the  normal  bed  rock  for  the  entire  district  north  of  the 
highlands  is  slate  similar  to  that  of  the  Somerville  ledges,  we  may 
note :  first,  that  the  prevailing  strike  of  the  slate,  so  far  as  deter- 
mined, varies  from  approximately  east-west  near  the  Charles  River  to 
about  northwest-southeast  in  the  vicinity  of  the  Mystic ;  and,  second, 
that  the  slate,  more  or  less  steeply  inclined  at  most  points,  naturally 


1  This  problem  of  the  preglacial  course  of  the  Charles  River  has  been  ably  discussed 
by  Mr.  F.  G.  Clapp,  Technology  Quarterly,  Vol.  XI V,  p.  198., 
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tends  to  form  ridges  trending  with  the  strike,  with,  of  course,  inter- 
vening valleys,  which  must  in  general  slope  seaward.  This  is  con- 
firmed by  all  the  outcrops  and  all  the  borings  which  have  reached 
solid  bed  rock. ,  It  may  also  be  assumed  that  all  parts  of  the  bed- 
rock surface  would,  if  bare  and  elevated  above  sea  level,  exhibit  free 
drainage;  in  other  words,  that  there  are  in  this  district  no  true  rock 
basins. 

One  of  the  longest  and  most  pronounced  of  the  bed-rock  ridges 
is  indicated  by  the  drumlins  of  College  and  Winter  hills  and  the 
ledges  on  which  they  rest.  Convent  Hill  (recently  removed).  Bunker 
and  Breed's  hills  in  Charlestown,  Man-of-War  Shoal  (summit  of  a 
submerged  drumlin),  the  low  drumlin  culminating  in  Maverick  Square, 
East  Boston,  and  the  more  prominent  East  Division  drumlin.  Bird 
Island  flats  (another  submerged  drumlin).  Governor's  Island  drumlin 
and  ledge,  and  the  flats  extending  a  mile  beyond.  It  is  a  fair  assump- 
tion that  a  ridge  of  this  length  is  composite,  consisting  of  overlapping 
and  more  or  less  distinct  members;  and  probably  the  lowest  point 
is  between  Charlestown  and  East  Boston,  this  col  descending,  pos- 
sibly, 100  feet  below  low  tide  and  marking  the  head  of  a  valley 
descending  to  the  south,  between  Boston  and  East  Boston.^  Whether 
simple  or  complex,  this  ridge  is  clearly  the  southern  slope  or  wall  of 
a  deep  main  valley,  following  the  present  course  of  the  Mystic  below 
West  Medford,  and  the  product  especially  of  the  drainage  of  the 
Maiden  and  Melrose  valley.  The  deep  borings  on  the  north  side 
of  Charlestown,  reaching  depths  of  — 100  to  — 120  feet,^  are  doubt- 
less in  this  valley,  but  south  of  its  axis;  while  the  Chelsea  Ferry 
boring,  reaching  the  ledge  at  about  — 65,  is  well  up  on  the  north 
slope  and  this  is  confirmed  by  the  Government  Hill  drumlin;  and 
that  the  true  course  of  the  valley  is  directly  east  from  the  mouth 
of  the  Mystic,  across  East  Boston  in  the  vicinity  of  Central  Square, 
south  of  Eagle  Hill,  is  indicated  by  the  geological  structure,  and  sug- 
gested by  a  boring  which  failed  to  reach  bed  rock  at  a  depth  of 
— 100  feet  on  the  flats  between  the  First  Division  drumlin  and  the 
small  drumlin  of  Wood  Island  Park.  This  course  continued  leads  to 
a  confluence  with  the  Merrimac-Charles  valley  between  Deer  Island 
and  Long  Island. 


^  From  this  point  on,  depths  and  elevations  are  referred  to  Boston  base  or  approxi- 
mate low  tide. 
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The  ledge  later  to  be  described  as  underlying  the  Warren  Bridge 
and  Copp's  Hill  may  apparently  be  regarded  as  a  southern  branch  of 
the  ridge  just  described,  or,  perhaps  better,  as  a  minor  ridge  between 
this  and  a  second  main  ridge  including,  besides  the  ledges  of  Claren- 
don and  Powder  House  hills,  the  drumlins  of  Spring,  Central,  Pros- 
pect and  Asylum  hills  in  Somerville,  East  Cambridge  Hill,  Beacon 
and  Fort  hills  in  Boston  and  the  Burnham  Channel  ledge.  The 
East  Somerville  drumlin  tends  to  connect  these  two  linear  series  of 
hills;  and,  while  to  the  northwest  of  this  point  the  ancient  drainage 
may  have  been  tributary,  laterally  through  the  first  ridge,  to  the 
valley  of  Maiden  River,  to  the  southeastward  it  was  quite  certainly 
longitudinal,  passing  beneath  the  present  bed  of  the  Charles  River 
between  the  Lowell  and  Warren  bridges,  as  will  be  more  fully  shown 
in  a  later  section,  and  thence  eastward  between  Beacon  and  Copp's 
hills  and  north  of  Fort  Hill.  Some  idea  of  the  depth  of  this  part  of 
the  valley  is  afforded  by  the  fact  that  bed  rock  was  not  reached  at 
— 115  feet  at  the  corner  of  State  and  Broad  streets,  and  only  at  a 
depth  of  — 135  feet  close  on  the  northeast  side  of  Fort  Hill. 
Farther  east,  confluence  with  the  minor  valley  heading  in  the  neigh- 
borhood of  the  Man-of-War  Shoal  appears  probable,  and  the  course 
is  indicated  by  a  borihg  with  a  record  of  — 118  feet  and  no  rock  at 
Pier  4,  South  Boston.  Beyond  this  the  course  is  open  to  doubt, 
but  is  probably  north  of  the  Burnham  Channel  ledge  and  south  of 
Castle  Island  to  a  confluence  with  the  Merrimac-Charles  valley  be- 
tween Castle  and  Thompson's  islands. 

The  drumlins  of  North  Cambridge  suggest,  in  connection  with 
the  Spring  Hill  and  Winter  Hill  drumlins  and  their  associate  ledges 
in  Somerville,  a  transverse  ridge  or  water  parting;  and  from  the 
southwestern  end  of  this  ridge  a  third  northwest-southeast  ridge  ex- 
tends at  least  as  far  as  the  city  hall,  the  slate  bed  rock  on  this  line 
ha\ing  been  well  exposed  in  sewer  excavations  in  the  yard  of  Har- 
vard College,  and  almost  continuously  southward  to  the  river.  Be- 
tween this  area  of  a  relatively  high  bed-rock  surface  and  the  ledges 
and  drumlins  of  Somerville  is  apparently  a  broad  valley,  the  drainage 
of  which,  as  indicated  by  the  low  level  reached  by  the  bed-rock  sur- 
face in  several  borings  in  the  lower  part  of  Cambridgeport,  probably 
escaped  to  the  southward  to  become  immediately  tributary  to  the 
Merrimac-Charles  valley. 

Only    one   other    bed-rock    ridge  remains   to  be   mentioned.     This 
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embraces  the  drumlins  and  ledges  of  South  Boston,  including  the 
Half-tide  Rock;  and  with  greatly  diminished  height  it  appears  to  be 
continued  westward  under  South  Bay  and  the  South  End  into  the 
heart  of  the  Back  Bay  district.  The  borings  indicate  that  west  of 
South  Bay  the  elevation  of  the  crest  of  the  ridge  varies  between  — 60 
and  — 80  feet  to  its  abrupt  termination. 

North  of  this  deeply  buried  western  half  of  the  South  Boston 
ridge,  between  it  and  the  high  Beacon  Hill  section  of  the  Somerville 
and  Boston  ridge,  is  a  broad,  deep  valley,  the  axis  of  which  is  at 
least  160,  and  probably  200,  feet  or  more  below  the  Boston  base. 
The  anomalous  feature  of  this  valley  is  that,  while  it  appears  to 
merge  broadly  with  the  Merrimac-Charles  valley  on  the  west,  it  is, 
for  the  lower  levels,  closed  to  the  eastward.  It  appears  thus  as  a 
short,  broad,  deep,  retrograde  tributary,  of  the  main  drainage  channel 
of  the  region. 

In  seeking  an  explanation  of  this  depression,  we  may  profitably 
note  the  fact  that  some  of  the  borings  reporting  bed  rock  in  the 
section  of  Boston  south  and  east  of  Beacon  Hill  have  clearly  not 
reached  any  of  the  hard  and  thoroughly  solid  rocks  (slate,  conglomer- 
ate, trap,  etc.)  such  as  make  up  the  whole  of  the  bed-rock  surface 
wherever  it  is  exposed  in  ledges  and  shallow  excavations ;  but  instead 
the  drill  has  passed  from  the  glacial  drift  to  imperfectly  consolidated 
sands,  clays,  marls,  etc.,  in  part  of  colors  unknown  to  the  drift,  and 
probably  representing  Tertiary  strata  underlying  the  drift  and  filling 
deep  depressions  or  valleys  in  the  harder  formations  or  true  bed 
rocks  of  the  region.  The  artesian  well  of  N.  Ward  &  Co.,  on  Spec- 
tacle Island,  560  feet  deep,  passed  through  at  least  360  feet  of  un- 
consolidated material,  only  part  of  which  could  be  regarded  as  glacial 
drift ;  and  the  deep  well  at  the  corner  of  High  and  Purchase  streets 
in  Boston,  reported  as  reaching  the  bottom  of  the  drift  at  about 
100  feet,  is  in  soft  materials  comparable  with  the  Tertiary  deposits 
of  Martha's  Vineyard  and  Long  Island,  to  a  depth  of  at  least  500  feet. 
Following  up  this  idea,  it  is  a  natural  suggestion  that  during  the 
strong  elevation  of  the  land  at  the  close  of  Cretaceous  time  the  Mer- 
rimac-Charles River,  then  flowing  directly  eastward  south  of  Beacon 
Hill  and  Fort  Point  Channel,  cut  a  deep  valley  in  the  ancient  bed 
rocks  of  the  region ;  and  then  during  the  Tertiary  subsidence  the 
lower  portion  at  least  of  this  valley  was  filled  by  Tertiary  strata,  and 
thus  virtually  obliterated ;  and  the  stream,  during  the  succeeding  ele- 
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vation,  chose  a  new  course  across  the  horizontal  Tertiary  plain,  and 
parallel  with  the  great  conglomerate  anticline,  where  during  the  Pleis- 
tocene (early  glacial)  elevation  it  again  trenched  the  older  bed  rocks, 
this  channel  being  in  turn  obliterated  by  the  deposits  of  the  glacial 
period ;  and  the  river,  in  obedience  to  merely  fortuitous  or  accidental 
causes,  adopted  its  present  circuitous  course  around  the  north  end 
of  Boston.  It  would  thus  appear  that  the  channel  was  originally 
directly  across  the  city  proper  (Cretaceous  time),  and  that  in  the 
later  history  of  the  river  it  was  diverted  first  to  the  south  (Tertiary 
and  Pleistocene  times)  and  then  to  the  north  (postglacial  time). 

According  to  this  view,  the  anomalous  retrograde  bed-rock  valley 
south  of  Beacon  Hill  is  the  original  channel  partially  re-excavated 
during  the  early  Pleistocene  elevation  of  the  land. 

Normal  Profile  of  the  Bed-Rock  Channel,  and  Its  Relations 
TO  THE  Early  Glacial  History  of  the  Region. 

For  one  important  feature  of  the  bed-rock  topography  we  are 
not  directly  dependent  upon  either  surface  observations  or  borings, 
since  it  is  a  universal  feature  of  the  major  valleys  of  the  glaciated 
zone,  and,  in  a  general  way  at  least,  may  safely  be  inferred  where 
the  data  fall  short  of  a  complete  demonstration.  The  feature  referred 
to  is  an  inner  gorge,  trenching  the  floor  of  the  main  valley  and  ex- 
tending into  the  principal  tributary  valleys.  This  gorge  is  in  this 
region  rather  seldom  indicated  in  the  surface  topography,  being  al- 
most universally  filled  by  drift  deposits,  and  thus  obliterated  as  a 
topographic  feature.  It  has  been  fully  demonstrated  for  the  valley 
of  the  Nashua  River  by  the  numerous  deep  borings  made  by  the 
Metropolitan  Water  Board  in  the  vicinity  of  Clinton,  revealing  a  nar- 
row gorge  some  200  feet  deep,  dividing  the  bed-rock  floor  of  this 
broad  valley.^  It  is  demonstrated  also  for  the  valley  of  the  Merri- 
mac  by  the  deep  borings  of  the  Lowell  water  works,  between  Lowell 
and  North  Chelmsford,  the  gorge  in  this  instance  being  about  100  feet 
deep,  and  its  bottom  at  or  below  sea  level;  and  also  by  the  deep 
basin  of  the  lower  Mystic  Lake,  the  water  in  which  has  a  depth  of 
75  feet,  and  probably  overlies  a  very  considerable  depth  of  drift  .^ 
Similar  facts  have  been  observed  for  many  other  streams ;  and  the 
gorges  of  the  larger  rivers   may  be  traced  seaward  for  many  miles, 

1  Technology  Quarterly,  Vol.  XII,  p.  294. 
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the  gorge  or  submerged  fiord  of  the  Hudson  having  still  an  unfilled 
depth  below  sea  bottom,  as  determined  by  soundings,  of  over  2,800 
feet,  80  miles  east  of  Sandy  Hook. 

We  find  the  simple  and  sufficient,  and  apparently  the  only  possible, 
explanation  of  these  phenomena  in  a  strong  elevation  of  the  land  at 
the  beginning  of  the  great  ice  age ;  this  elevation,  which  amounted 
in  this  latitude  to  at  least  3,cxx)  feet,  being  regarded  by  many  gla- 
cialists  as  the  chief  cause  of  the  continental  glaciation.  This  conti- 
nental uplift  must  have  proved  a  great  stimulus  to  the  drainage, 
especially  near  the  continental  border;  and  the  streams,  as  their  fall 
and  erosive  power  increased,  must  in  general  have  ceased  meandering 
and  -thus  slowly  widening  their  valleys,  and  beg^n  to  cut  rapidly 
downward  toward  a  new  base  level.  Thus  were  developed,  before 
the  land  was  finally  covered  by  the  great  ice  sheet,  a  system  of 
deep,  U-shaped  gorges,  trenching  the  floors  of  the  relatively  broad 
and  shallow  preglacial  valleys. 

In  this  vicinity  the  borings  are  insufficient  to  define  the  gorges 
of  the  Charles  and  Merrimac  valleys ;  and  it  is  at  least  among  the 
possibilities  that  no  borings  have  been  located  on  the  deepest  lines 
or  axes  of  the  broad  valleys.  Of  the  existence  of  a  deep  jnner 
valley  there  can,  however,  be  no  question.  A  well-defined  lateral 
gorge  is  clearly  indicated  by  the  borings  in  the  valley  of  Stony  Brook, 
where  it  cuts  through  the  Roxbury  highlands.  To  this  inner  valley 
or  gorge  and  its  tributaries  the  floor  of  the  preglacial  valley  stands 
in  the  relation  of  a  terrace;  but  the  borings  appear  inadequate  at 
most  points  to  determine  satisfactorily  the  normal  elevation  of  this 
terrace.  In  the  Back  Bay  and  South  End  districts,  however,  or 
just  where  the  surface  features  count  for  the  least  in  locating  the 
gorge  and  determining  the  breadth  and  elevation  of  the  bed-rock 
terrace,  the  borings  do  help  us  out  to  some  extent,  showing  the  gen- 
eral floor  of  the  preglacial  valley  to  be  at  least  60  feet  below  mean 
sea  level. 

Bed-Rock    Details    for    the    Charles    River   Below    Harvard 

Bridge. 

The  modern  course  of  the  Charles  below  the  Harvard  Bridge  is 
not  only  unnaturally  circuitous,  but  the  depths  of  the  bed-rock  sur- 
faces are  in  part  much  less  than  at  points  farther  up  stream.  The 
evidence  may  be  briefly  summarized  here :  — 
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The  39  borings  on  the  line  of  the  Harvard  Bridge  to  depths 
ranging  from  — 31.4  to  — 'jy.7  feet  failed  in  every  instance  to  reach 
bed  rock,  the  entire  series  ending  in  blue  clay.     The  deepest  boring, 

—  TJ.y  feet,  is   100  feet  from  the  Boston  end  of  the  bridge. 

The  borings  for  the  new  West  Boston  Bridge,  64  in  number,  on 
three  different  lines,  and  varying  in  depth  from  — 36.9  feet  to  — 73.5 
feet,  also  failed  in  every  instance  to  reach  bed  rock.     Three  borings, 

—  46.4,  — 46  and  — 51.6  feet,  struck  rock,  marked  on  the  profiles 
"stone,  probably  bowlder,"  and  this  interpretation  is  probably  cor- 
rect. It  may  be  added,  however,  that  all  of  these  borings  ended  in 
bowlder  clay,  indicating  that  the  bed  rock  is  less  deep  than  at  the 
Harvard  Bridge. 

No  borings  are  available  for  the  Craigie  Bridge,,  but  for  the  first 
bridge  of  the  Boston  &  Lowell  Railroad,  built  in  1833,  we  have  a 
full  series.  This  bridge,  which  is  now  used  for  freight  tracks  of  the 
Boston  &  Maine  Railroad,  crosses  the  river  somewhat  diagonally,  at 
a  mean  distance  of  about  250  feet  below  the  Craigie  Bridge.  The 
borings,  numbering  133,  in  two  lines,  the  southern  line  being  most 
complete,  range  in  depth  from  —  12  to  — 45.4  feet;  and  with  a  very 
few  exceptions  they  all  end  on  or  in  bowlder  clay,  although  appar- 
ently no  serious  attempt  was  made  to  penetrate  the  bowlder  clay  or 
hard  pan.  At  the  Boston  end  of  the  bridge*  several  borings  in  each 
line  reached  slate  bed  rock  at  depths  varying  from  12  to  17  feet 
below  low  tide,  the  depth  increasing  westward. 

No  boring  data  for  the  other  railroad  bridges  have  come  to  light ; 
but  for  the  Warren  Bridge  we  have  a  series  of  10  borings,  extending 
across  the  river ;  and  with  two  exceptions  they  all  reach  bed  rock, 
at  depths  ranging  from  — 11.84  ^^  — 39-68  feet. 

Of  the  70  borings  made  for  the  new  Charlestown  Bridge,  on  three 
different  lines  and  to  depths  ranging  from  +4.3  feet  to  —  58.3  feet, 
the  deeper  borings  being  mainly  toward  the  Boston  side  of  the  river, 
only  one  is  reported  as  reaching  ledge,  and  this  at  a  depth  of  only 

—  II  feet  in  Charlestown.  Another  boring,  175  feet  nearer  City 
Square,  is  marked  as  ending  on  a  bowlder  at  a  depth  of  — 5.7  feet, 
and  it  appears  highly  probable  that  this  interpretation  should  be  ap- 
plied in  both  cases.  This  appears  the  more  necessary,  since,  with 
the  exception  of  two  borings  near  the  Boston  end  of  the  bridge 
which  end  in  blue  clay,  they  all  end  in  bowlder  clay. 

Of   55    borings  made  for  the   new  dry    dock   at   the   Charlestown 
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Na\7  Yard,  in  an  area  1,300  by  700  feet,  and  reaching  depths  rang- 
ing from  —  33  to  — 104.4  fc^t,  nine  reached  slate  bed  rock  at 
depths  varying  from  — 39  to  — 98,  and  penetrated  it  o  to  14.4  feet. 
A  comparison  of  these  bed-rock  determinations  shows  that  they  par- 
tially outline  a  valley  deepening  in  a  northeasterly  direction. 

These  several  series  of  borings  clearly  indicate  a  bed-rock  ridge 
crossing  the  river,  the  crest  of  the  ridge  being  on  or  near  the  line 
of  the  Warren  Bridge.  Apparently  the  only  alternative  is  to  assume 
that,  in  the  case  of  each  of  the  Warren  Bridge  borings  reported  as 
ending  on  rock,  the  rock  was  a  bowlder,  and  not  ledge.  But,  even 
then,  such  frequency  of  bowlders  large  enough  to  be  mistaken  for 
ledge  would  suggest  the  close  proximity  of  the  ledge. 

In  East  Cambridge  and  Charlestown  bed-rock  determinations,  be- 
sides those  already  mentioned,  are  few,  and  none  are  very  shallow. 
Two  or  more  wells  of  J.  P.  Squire  &  Son  on  Gore  Street,  East 
Cambridge,  reached  bed  rock  at  about  —  45  feet ;  a  well  of  the 
Charlestown  Gas  Company  at  Thompson  Square  encountered  bed 
rock  at  the  same  depth ;  and  it  was  found  at  a  depth  of  —  59  feet 
in  the  well  of  G.  G.  Fox,  Edgeworth  and  Vine  streets,  Charlestown. 
Although  not  very  shallow,  these  borings  are  clearly  not  deep  enough 
to  suggest  their  location  in  or  near  the  preglacial  channel  of  the 
Charles;  and  it  may  quite  safely  be  assumed  that  the  drumlins  of 
East  Cambridge,  Asylum  Hill,  Breed's  Hill,  and  Bunker  Hill  rest  on 
still  more  elevated  portions  of  the  bed-rock  surface. 

On  the  Boston  side  of  the  river  borings  and  bed-rock  determina- 
tions are  much  more  numerous,  and  sufficient  to  develop,  at  least  ap- 
proximately, the  form  of  the  bed-rock  surface..  Starting  from  the 
Boston  end  of  the  old  Boston  &  Lowell  Railroad  Bridge,  where,  as 
already  noted,  slate  bed  rock  was  reached  at  depths  ranging  from 
—  12  to  —  17  feet,  we  find  that  the  bed-rock  surface  rises  southward, 
toward  the  low  ridge  or  drumlin  crossed  by  Leverett  and  Chambers 
streets,  and  that  it  formerly  reached  the  level  of  low  tide  at  the 
corner  of  Brighton  and  Lowell  streets. 

The  borings  made  for  the  Charles  River  embankment,  extending 
from  Leverett  Street  and  the  Craigie  Bridge  to  Cambridge  Street  and 
the  West  Boston  Bridge,  along  the  front  of  the  wall,  and  to  the 
number  of  50,  ranging  in  depth  from  —  0.8  to  —  63  feet,  discovered 
bed  rock  at  32  points,  between  200  and  950  feet  south  of  Craigie 
Bridge,  at    depths    varying   from  — 0.8   to  — 44.6  feet.     These  bed- 
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rock  determinations  are  so  grouped  as  to  indicate  a  rather  flat-topped 
ridge,  from  i  to  8  feet  below  low  tide,  with  fairly  steep  lateral  slopes ; 
clearly  a  northwestward  continuation  of  the  ridge  on  which  the  Cham- 
bers Street  drumlin  is  built,  and  probably  continuous  under  the  river 
with  the  bed-rock  elevation  bearing  the  East  Cambridge  drumlin. 

On  Charles  Street,  about  200  feet  east  of  the  embankment  line 
of  borings,  we  have  a  nearly  parallel  profile  in  the  22  borings,  o  to 
—  33  feet  in  depth,  made  for  the  new  sewer  between  Leverett  and 
Cambridge  streets.  Of  this  series,  10  borings  reached  bed  rock  at 
depths  of  o  to  —  13  feet  within  a  distance  of  800  feet  south  from 
Leverett  Street ;  and  continuing  through  Leverett  and  Brighton 
streets  to  Lowell  Street  we  find  7  borings,  all  of  which  reach  bed 
rock  at  depths  from  +8  to  —  10  feet.  A  comparison  of  the  pro- 
files shows  the  average  elevation  of  the  bed  rock  to  be  increasing- 
eastward,  although  the  ridge  is  divided  on  Charles  Street  by  a  valley 
at  least   15  feet  deep. 

That  this  ridge  continues  to  the  eastward  we  have  abundant  evi- 
dence in  the  fact  that  the  sewers  have  also  encountered  ledge  (slate) 
on  Poplar  Street  and  Kennard  Avenue,  and  that  the  following  houses 
stand  on  slate  ledge,  at  elevations  ranging  from  +15  to  at  least 
+  25:  Nos.  33  and  67  Poplar  Street,  corner  of  Poplar  and  Spring 
streets,  corner  of  Milton  and  Spring  streets,  and  corner  of  Poplar 
Street  and  Kennard  Avenue.  The  general  course  of  this  ridge  is 
southeasterly,  with  the  axis  of  the  drumlin,  as  shown  by  bed-rock 
elevations  of  —  15  feet  in  the  wells  of  Fobes,  Hayward  &  Co.,  on 
Chardon  Street,  and  Graves  &  Sons,  Bowker  Street ;  —  50  feet  at 
Marston's  Restaurant,  on  Hanover  Street ;  —  28  feet  at  Pemberton 
Building,  Pemberton  Square ;  and  —  1 5  feet,  corner  of  Washington 
and  Court  streets.  The  narrowness  of  the  ridge  is  proved  by  a  bed- 
rock elevation  of  —  15  feet  in  the  artesian  well  of  the  Massachusetts 
General  Hospital,  near  the  corner  of  Allen  and  Blossom  streets. 

Following  the  profile  of  the  Charles  Street  borings  southward^ 
around  the  base  of  the  main  drumlin  of  Beacon  Hill,  we  have  14 
borings,  ranging  from  about  +1  to  —  14  feet  in  depth.  Of  these, 
4  reached  the  slate  bed  rock  in  the  vicinity  of  Pinckney  Street,  on 
the  axis  of  the  drumlin,  at  depths  near  the  low-tide  level  (+  i  to  —  2), 
and  two  others,  between  Mt.  Vernon  and  Chestnut  streets,  at  depths 
of  —  10  and  —  14  feet,  approximately. 

The  broad  valley  between  Beacon  Hill  and  its  dei>endent  drumlins 
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and  the  relatively  small  but  well-defined  drumlin  of  Copp's  Hill  cor- 
responds to  a  bed-rock  valley.  Of  this  we  have  abundant  evidence. 
Thus,  of  the  15  borings  for  the  new  sewer,  on  Causeway  Street  be- 
tween Lowell  and  Prince  streets,  reaching  depths  of  +  8  to  —  36 
feet,  only  those  at  the  intersections  of  Charlestown  and  Prince  streets, 
and  possibly  only  the  latter,  reached  bed  rock,  at  elevations  of  +  i 
to  +  8  feet.  All  the  other  borings  of  this  series  terminated  in  blue 
clay  or  sand,  not  one  of  them  even  reaching  the  bowlder  clay,  which 
presumably  covers  the  bed  rock  in  the  valleys,  as  well  as  on  the 
ridges,  though  less  thickly.  In  close  proximity  to  the  Prince  Street 
boring  is  the  deep  artesian  well  of  the  Boston  Gas  Company,  in 
which  slate  bed  rock  was  reached  at  — 35  feet.  The  bed-rock  eleva- 
tion proved  by  the  borings  is  probably  an  eastward  extension  of  the 
bed-rock  ridge  disclosed  by  the  Warren  Bridge  borings,  and  it  may 
be  assumed  to  continue  as  the  axis  or  foundation  of  Copp's  Hill. 
Between  Copp's  Hill  and  Beacon  Hill  we  have  the  following  addi- 
tional bed-rock  elevations,  afforded  by  artesian  wells  and  borings, 
and  proving  the  existence  of  a  bed-rock  valley  at  least  75  feet  deep 
below  Boston  base :  Moxie  Nerve  Food  Company,  Haverhill  Street, 
—  53  feet;  Schrafft  &  Sons,  Portland  Street, — 65  feet;  Tufts  old 
factory,  Portland  Street,  —  49  and  —  74  feet ;  Eastern  Cold  Storage 
Company,  28-44  North  Street,  —  104  feet ;  Boston  subway,  borings, 
between  Causeway  and  Hanover  streets,  —  5  to  —  40  feet,  in  clay 
and  no  rock. 

The  Bowlder  Ceay  and  Drumlins. 

The  bowlder  clay,  or  hard  pan,  known  by  geologists  also  as  the 
till  or  ground  moraine,  is  the  unmodified  (unwashed  and  unstratified) 
portion  of  the  glacial  drift,  or  that  part  of  the  drift  deposited  on 
the  final  melting  of  the  ice  sheet  without  being  exposed  to  the  ef- 
fective sorting  or  modifying  action  of  water.  It  rests  at  most  points 
directly  upon  the  bed  rock,  and  in  this  region  at  least  is  found 
chiefly  on  the  higher  parts  of  the  bed-rock  surface,  where  it  is  very 
largely  massed  in  the  form  of  rounded  hills  or  drumlins.  The  prac- 
tical exclusion  of  the  bowlder  clay  from  the  deeper  valleys  is  a  fact 
of  great  significance  and  interest,  indicating  that  the  ice  continued 
to  move  along  these  lines  after  it  had  become  stagnant  on  the  up- 
lands, and  suggesting  comparison  with  a  river,  the  chief  deposits  of 
which  are  not  on  its  bed  but  on  its  flood  plain. 
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As  regards  its  relations  to  the  subterranean  movement  of  water 
and  the  stability  of  foundations  built  upon  it,  the  bowlder  clay,  hav- 
ing been  compacted  by  the  tremendous  and  long-continued  pressure 
of  the  ice  sheet,  is  comparable  with  the  underlying  bed  rock ;  and  in 
this  connection  it  is  interesting  to  note  the  concentration  of  bowlder 
clay  in  the  vicinity  of,  and  below  the  site  of,  the  proposed  dam,  as 
indicated  by  the  drumlins  and  numerous  borings.  The  main  facts 
are  clearly  and  instructively  exhibited  in  a  direct  comparison  of  the 
borings. 

Thus,  beginning  on  the  southwest,  or  over  the  main  bed-rock 
valley,  we  find  that  none  of  the  Harvard  Bridge  borings  encountered 
the  bowlder  clay;  although  the  minimum  elevation  reached  by  the 
borings  is  —  TT,j  feet,  they  all  ended  in  blue  clay,  which  overlies 
the  bowlder  clay.  Of  .'the  numerous  borings  for  the  West  Boston 
Bridge,  all  reached  bowlder  clay  at  elevations  ranging  from  — 29.4 
feet  at  the  Boston  end  of  the  bridge,  where  the  slope  of  the  Beacon 
Hill  drumlin  passes  beneath  the  river,  to — 66.1  feet  at  a  point  300 
feet  farther  west.  From  the  axis  of  this  bowlder  clay  valley,  which 
is  indicated  on  each  of  the  three  lines  of  borings,  and  slopes  north- 
ward from  — 57.5  feet  on  the  south  line  of  borings  to  — 66.1  feet 
on  the  north  line,  or  approximately  10  feet  in  100,  the  surface  of 
the  bowlder  clay  rises  westward  to  elevations  between  —  40  and  —  30 
in  about  300  feet,  beyond  which  it  falls  off  to  about  —  50  in  the 
next  400  to  500  feet,  and  then  continues  with  a  slightly  undulating 
surface  but  no  decided  or  general  slopes  for  fully  1,000  feet,  or  to 
the  Cambridge  shore,  where  the  elevations  on  the  different  lines  are, 
from  south  to  north, — 55.35,  — 50.5  and  — 49.3  feet.  This  ap- 
proximately plane  upper  surface  of  the  bowlder  clay  is  undoubtedly 
very  characteristic  of  the  interdrumlin  areas,  and  probably  indicative  of 
a  similar  flat  bed-rock  surface  below  a  mo4erate  thickness  of  bowlder 
clay. 

The  Charles  River  embankment  borings,  although  extending  across 
the  axis  of  the  northern  spur  or  member  of  the  Beacon  Hill  drumlin, 
and  ranging  in  depth  to  a  maximum  of  — 63  feet  (midway  between 
the  West  Boston  and  Craigie  bridges),  have  all  failed  to  reach  the 
bowlder  clay,  showing  apparently  that  the  valley,  in  the  bowlder  clay 
developed  by  the  West  Boston  Bridge  borings  continues  under  the 
eastern  margin  of  the  river  at  least  as  far  as  Craigie  Bridge,  and 
probably  continues  to  deepen  in  that  direction,  since  it  is  improbable 
that  the  embankment  borings  are  near  the  axis  of  this  trough. 


Geology  of  the  Charles  River  Estuary  and  Boston  Harbor,      79 

The  Charles  Street  sewer  borings,  following  more  closely  the 
base  of  the  drumlin,  have  found  the  bowlder  clay  at  or  near  the 
surface  at  nearly  all  points  between  Beacon  and  Cambridge  streets, 
although  it  is  difficult  here  to  distinguish  original  deposit  from  arti- 
ficial filling;  but  between  Cambridge  and  Leverett  streets,  where 
most  of  the  borings  not  ending  on  the  high  level  bed  rock  attained 
depths  of  — 25  to  — 33  feet,  none  have  encountered  typical  bowlder 
clay,  developirig  chiefly  clay  of  a  more  or  less  sandy  character. 

The  numerous  borings  of  the  original  Boston  &  Lowell  Raikoad 
Bridge  reached  the  bowlder  clay  in  most  cases,  and  at  depths  aver- 
aging much  less  than  for  the  West  Boston  Bridge  borings,  although 
again  we  note  a  surprising  uniformity  of  depth  for  the  main  part  of 
the  profile.  For  the  first  300  feet  from  the  East  Cambridge  shore 
the  borings  were  too  shallow  ( — 17  to  — 23  feet)  to  reach  the 
bowlder  clay;  but  for  the  next  250  feet  it  is  developed  at  depths 
ranging  from  — 23   to  — 33   feet.     In  the   next   250  feet  depths  of 

—  40  to  — 45  have  ended  in  blue  clay,  marking  the  position  of  the 
deep  channel  in  the  bowlder  clay  with  depths  of  the  bowlder  clay 
surface  probably  exceeding  70  feet,  if  the  valley  continues  to  deepen 
northward.  This  locates  the  bowlder  clay  channel  near  the  middle 
of  the  river  at  this  point ;  and  east  of  the  channel  the  bowlder  clay 
shows  again  a  striking  uniformity  of  elevation,  ranging  only  from  —  31 
feet  to  — 35,  for  fully  800  feet,  or  to  the  slate  ledge  on  which  the 
east  end  of  the  bridge  rests. 

On  the  line  of  the  Warren  Bridge  two  borings,  275  and  280  feet 
from  Causeway  Street,  reported  bowlder  clay  at  depths  of  —  16.3 
and  —  27.6  feet,  and  670  feet  from  Causeway  Street  at — 33.3  feet. 
These  are  clearly  on  the  northwestern  slope  or  toe  of  the  Copp's 
Hill  drumlin.  At  918  feet  from  Causeway  Street  bowlder  clay  is 
wanting,  and  rock  was  reached  at  — 11.8  feet.  The  next  boring, 
1,118  feet  from  Causeway  Street  and  696  feet  from  Water  Street  in 
Charlestown,  ends  in  gravel  at  —  16  feet,  and  the  next,  576  feet  from 
Water  Street,  in  clay  and  stones  (probably  bowlder  clay)  at  —  32.2 
feet.     Beyond  this  we  have,  at  490  feet  from  Water  Street,  rock  at 

—  32.2  feet  and  no  bowlder  clay ;  and  at  264  and  190  feet,  respect- 
ively, from  Water  Street,  rock  at  —  12  and  —  1 5  feet,  and  no  bowl- 
der clay.  These  facts  seem  to  prove  the  existence,  between  the 
Copp's  Hill  and  Beacon  Hill  drumlins  on  one  side  and  the  Charles- 
town  druralins  on  the  other,  of  a  ledgy  tract,  essentially  bare  of  drift. 
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as  is  so  commonly  observed  between  well-developed  drumlins  above 
sea  level;  and  it  appears  improbable  that  the  valley  in  the  bowlder 
clay,  traced  from  the  West  Boston  to  the  Craigie  Bridge,  finds  an 
outlet  in  this  direction,  but,  if  continued,  it  is  more  likely  to  turn 
to  the  eastward,  between  Beacon  and  Copp's  hills.  It  is,  however, 
quite  unnecessary  to  regard  this  as  an  erosion  or  drainage  channel, 
and  if  it  is,  its  true  slope  or  gradient  may  after  all  be  to  the  south 
into  the  main  valley. 

The  borings  for  the  Charlestown  Bridge,  connecting  still  more 
closely  with  the  stoss  slope  of  Copp's  Hill,  all  ended  on  or  in  bowl- 
der clay,  proving  the  elevation  of  its  upper  surface  to  range  between 
+  13.8  feet  in  City  Square,  Charlestown,  and  — 53  feet  under  the 
main  channel,  about  500  feet  from  Causeway  Street  in  Boston.  The 
three  separate  lines  of  borings  agree  very  closely,  each  revealing  a 
simple  bowlder  clay  valley,  with  a  short,  steep  slope  toward  Boston, 
rising  to  the  surface  in  Causeway  Street,  and  a  long,  gentle  but  un- 
dulating slope  toward  Charlestown ;  and  the  comparison  shows  quite 
plainly  that  the  axis  of  the  valley  descends  eastward,  or  toward  the 
harbor.  This  valley  is  evidently  not  deep  enough  to  be  regarded  as 
•  a  down-stream  continuation  of  the  valley  noted  in  the  profiles  south 
of  the  Warren  Bridge;  and  we  cannot  escape  the  conclusion  that 
the  Warren  Bridge  marks  the  true  divide  for  the  bowlder  clay  as 
well  a§  for  the  bed  rock.  The  probability  that  the  southern  bowl- 
der clay  channel  or  valley  descends  either  to  the  south  or  to  the 
east  becomes  a  practical  certainty ;  although  it  is  perhaps  most  prob- 
able that  it  descends  both  ways  from  a  divide  in  the  vicinity  of 
Craigie  Bridge,  which  would  again  bring  the  contours  of  the  bowlder 
clay  into  harmony  with  those  of  the  bed  rock. 

The  Navy  Yard  borings  all  penetrate  the  bowlder  clay,  and  the 
elevations  of  the  surface  of  this  deposit  show  again  a  fair  degree  of 
uniformity,  although  the  extremes  are  +7  and  — 63,  —  a  range  of 
70  feet.  Four-fifths  of  the  determinations  fall  between  —  10  and 
—  40  feet,  and  over  half  of  them  between  — 15  and  — 35  feet. 
The  contours  of  the  bowlder  clay  show  no  regard  whatever  for  the 
bed-rock  valley  previously  noted  as  sloping  to  the  northeast ;  and 
over  the  deepest  part  of  this  valley  the  bowlder  clay  attains  an  ex- 
treme thickness  of  85  ( — 13  to  — 98)  feet.  The  bowlder  clay  con- 
tours run  lowest  to  the  south,  evidently  declining  toward  a  bowlder 
clay    valley    between    the    Na\y    Yard   and    the    Man-of-War    Shoals 
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drumlin,  which  may  fairly  be  regarded  as  the  downnstream  continu- 
ation of  the  valley  in  the  bowlder  clay  disclosed  by  the  Charlestown 
Bridge  borings ;  and  it  may  be  added  that  the  depths  are  entirely 
favorable  to  that  view.  The  farther  extension  of  this  valley,  assum- 
ing it  to  be  the  product  of  stream  erosion  and  a  true  drainage 
channel,  may  be  either  to  the  north,  toward  the  deep,  preglacial 
valley  of  the  Maiden  River,  or  to  the  east,  between  Copp's  Hill  and 
the  East  Boston  drumlins,  the  data  in  hand  being  insufficient  for 
the  determination  of  this  point. 

Under  the  harbor,  on  the  lines  of  the  East  Boston  tunnel  bor- 
ings, the  surface  of  the  bowlder  clay  has  a  fairly  uniform  elevation 
of  —  80  to  —  90  feet,  averaging  a  little  lower  in  the  northern  or 
North  Ferry  profiles  than  in  the  southern  or  South  Ferry  and  State 
Street  profiles.  The  flatness  or  approximately  plane  character  of 
the  surface  of  the  bowlder  clay  is  quite  as  marked  here  as  under 
the  Charles  River,  although  the  actual  elevation  is  20  to  50  feet 
less.  That  this  great  depth  of  the  bowlder  clay  continues  and  in- 
creases around  the  south  and  west  sides  of  Copp's  Hill  is  shown  by 
the  failure  of  all  the  East  Boston  tunnel  borings  in  the  State  Street 
section  to  get  below  the  blue  clay,  and  the  fact  that  the  artesian 
wells  on  North  Street  found  the  blue  clay  resting  directly  on  the 
slate  bed  rock  at  a  depth  of  104  feet. 

At  many  points  the  bowlder  clay  is  separated  by  a  few  feet  of 
bluish  (unoxidized)  sand  and  gravel,  often  more  or  less  clayey,  from 
the  blue  clay,  giving  a  gradation  .  from  the  bowlder  clay  into  the 
blue  clay,  and  showing  that  the  former  was  exposed  somewhat  to 
the  sorting  action  of  water  at  the  beginning  of  the  deposition  of  the 
latter.  A  feature  of  the  bowlder  clay  of  still  more  special  interest 
is  found  in  the  interstratified  beds  of  washed  material,  including 
gravel,  sand  and  clay.  This  has  been  noted  in  some  of  the  borings 
for  the  Charlestown  Bridge  ;  and  in  at  least  ten  of  the  Navy  Yard 
borings  the  bowlder  clay  is  divided  by  one  and  in  some  cases  two 
layers  of  sand,  varying  from  i  to  5  feet  in  thickness,  and  separated 
by  15  to  20  feet  of  bowlder  clay.  This  intercalation  of.  limited 
layers  of  washed  material  in  the  bowlder  clay  is  not  uncommon ;  but 
it  is  usually  confined,  as  in  this  instance,  to  the  lee  slopes  of  drum- 
lins, the  Na\^  Yard  borings  being  directly  in  the  lee  of  the  Bunker 
Hill  drumlin ;  and  this  relation  is  very  satisfactorily  confirmed  by 
the  East   Boston  tunnel   borings  in  the   lee  of   Copp's   Hill  and  the 
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subway  borings  in  the  lee  of  Beacon  Hill.  This  principle  would 
exclude  washed  material  from  the  bowlder  clay  north  of  Beacon  Hill ; 
and  this  is  precisely  what,  with  unimportant  exceptions,  the  several 
bridge  profiles  show.  The  exceptions  are  impervious  blue  clay,  and 
no  facts  have  come  to  light  indicating  that  the  bowlder  clay  in  the 
vicinity  of  the  site  of  the  proposed  dam  falls  below  the  normal  as 
regards  either  firmness  or  impermeability. 

Glacial  Lake  Shawmut. 

During  the  final  disappearance  of  the  ice  sheet,  the  ice  lingered 
longer,  as  previously  stated,  in  the  valleys  than  on  the  uplands,  and 
much  longer  in  the  basin  of  Boston  Harbor  and  Massachusetts  Bay 
than  over  the  country  to  the  westward,  including  the  main  part  of  the 
,  Boston  basin.  The  eastward  drainage  was  thus  impounded,  forming 
the  glacial  lake  to  which  I  have  given  the  name  of  Shawmut,  com- 
municating on  the  southeast  with  glacial  Lake  Bouv^  during  the  time 
when  the  latter  discharged  eastward  into  Cohasset  Harbor.  At  its 
highest  stage  the  surface  of  Lake  Shawmut  was  about  70  feet  above 
the  present  level  of  the  sea,  the  elevation  being  marked  by  extensive 
delta  plains  of  sand  and  gravel  formed  by  the  tributary  glacial  streams, 
the  courses  of  which  are  now  marked,  in  some  cases,  by  winding  ridges 
of  gravel  known  as  eskers.  With  the  continued  recession  of  the  ice, 
successively  lower  outlets  for  the  united  waters  of  lakes  Shawmut 
and  Bouv6  were  opened,  and  we  find,  in  consequence,  eastward  from 
the  70-foot  plains,  extensive  delta  plains  at  elevations  of  40  and  20 
feet,  approximately,  and  extending  in  the  south  part  of  the  Boston 
basin  to  the  present  shore  of  the  harbor. 

While  these  deposits  of  relatively  coarse  detritus,  resulting  from 
the  washing  of  the  bowlder  clay  or  ground  moraine  as  it  was  being 
set  free  by  the  melting  of  the  ice,  were  forming  in  the  shallow  mar- 
ginal portions  of  Lake  Shawmut,  adjacent  to  the  northward-receding 
margin  of  the  ice,  the  finer  material  (quartz  flour  and  clay),  once  in- 
corporated with  the  coarse  in  the  composition  of  the  bowlder  clay, 
was  being  deposited  in  the  deeper  and  more  tranquil  part  of  the 
lake,  remote  from  the  mouths  of  the  glacial  rivers.  Thus  was  formed 
the  important  deposit  known  as  the  blue  clay  or  glacial  clay.  It  was 
laid  down  in  regular  horizontal  layers,  and  probably  completely  filled 
the  basin  of  Lake  Shawmut  up  to  the  highest  level  now  reached  by 
the  clay,  which  is  about  S  to  10  feet  above  the  present  high-tide  level. 
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The  Blue  Clay. 

Under  Boston  Harbor  and  its  tributary  estuaries  we  find  above 
the  bowlder  clay,  or  above  the  bed  rock  where  the  bowlder  clay  is 
wanting,  in  normal  order  the  blue  clay.  This,  as  we  have  seen,  is  a 
true  glacial  clay,  a  deposit  of  impalpable  detritus  from  the  waters  of 
the  glacial  lake  (Lake  Shawmut)  which  came  into  existence  as  the 
ice  retreated  from  the  area  of  Boston  Harbor,  the  land  being  still  much 
more  elevated  than  at  present.  This  body  of  fresh  water,  free  from 
tidal  currents,  and  frozen  over  during  a  large  part  of  each  year,  pre- 
sented, in  its  freshness  and  tranquillity,  conditions  exceptionally  favor- 
able for  the  deposition  of  quartz  flour  and  clay.  That  the  blue  clay 
is  not  marine  is  proved  by  the  entire  absence  of  fossils,  and  the  fact 
that  similar  clay  is  not  being  deposited  in  the  harbor  at  the  present 
time,  except  perhaps  to  a  limited  extent  on  the  eel-grass  flats.  It  is 
in  the  main  a  very  tough,  plastic  clay,  but  containing,  as  do  all  glacial 
clays,  a  large  portion  of  impalpably  fine  sand  or  quartz  flour.  There 
are,  however,  occasional  thin  streaks  and  layers  of  true  sand,  repre- 
senting periods  when  there  was  more  motion  in  the  water. 

The  angular  fragments  and  grains  of  rock,  of  all  sizes  up  to 
bowlders  several  feet  in  diameter,  scattered  irregularly  here  and  there 
through  the  clay,  as  so  well  shown  by  the  East  Boston  tunnel,  and 
most  abundantly,  as  a  rule,  toward  the  bottom  of  the  deposit,  are  a 
very  characteristic  and  significant  feature  of  the  clay.  This  material 
could  not  have  been  borne  in  suspension  by  the  same  currents  that 
deposited  the  clay,  but  it  was  undoubtedly  dropped  by  floating  ice  — 
floe  ice  and  icebergs.  Another  convincing  proof  of  the  glacial  origin 
of  the  blue  clay  is  found  in  the  fact  that  in  a  number  of  the  East 
Boston  tunnel  borings,  on  the  west  side  of  the  harbor,  and  more  or 
less  in  the  lee  of  the  Copp's  Hill  drumlin,  the  clay  is  divided,  usually 
near  the  bottom,  by  a  sheet  of  bowlder  clay  from  10  to  25  feet  in 
thickness.  Similar  phenomena  have  been  observed  elsewhere,  as  in 
the  lee  of  the  Beacon  Hill  drumlin,  and,  as  previously  noted,  in  one 
of  the  Charlestown  Bridge  borings.  Apparently,  this  means  that  when 
the  deposition  of  the  clay  began  in  this  part  of  the  harbor  the  mar- 
gin of  the  ice  sheet  was  still  near  by,  so  that  a  slight  readvance  of 
the  ice  spread  a  layer  of  bowlder  clay  over  a  part  of  the  blue  clay ; 
and  when  the  ice  again  retreated,  this  intrusive  sheet  of  bowlder  clay 
was  in  its  turn  covered  by  a  considerable  thickness  of  the  blue  clay. 
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A  more  probable  explanation,  however,  is  found  in  the  agency  of 
floating  ice,  as  for  the  disseminated  glacial  detritus. 

The  borings  show  that  the  clay  beds  reach  an  extreme  elevation 
of  about  S  feet  above  high  tide,  which  accords  well  with  observations 
made  in  the  clay  pits  of  Everett  and  West  Cambridge ;  and  it  extends 
to  a  depth  of  80  to  90  feet  below  low  tide  in  many  of  the  East 
Boston  tunnel  borings,  and  to  still  greater  depths,  down  to  nearly 
200  feet  below  the  same  datum  in  artesian  wells  and  borings  located 
in  the  deeper  bed-rock  valleys.  The  under  surface  or  bottom  of  the 
blue  clay  is  in  general,  of  course,  the  upper  surface  or  top  of  the 
bowlder  clay,  except  for  the  bed  of  sand  or  gravel,  of  no  great  thick- 
ness, which  occasionally  intervenes ;  and  it  is  improbable  that  the 
maximum  depth  of  this  contact  has  yet  been  determined.  There  can 
be  no  doubt,  however,  that,  since  the  clay  must  have  been  deposited 
in  perfectly  horizontal,  even  layers,  and  have  covered  the  entire  area 
to  about  the  level  of  the  highest  point  which  it  now  attains,  its  maxi- 
mum original  thickness  in  the  inner  part  of  the  harbor  was  not  less 
than  200  feet. 

On  the  draining  of  Lake  Shawmut  by  the  farther  recession  of 
the  ice,  the  clay  deposit,  which  was  then  still  at  a  considerable  eleva*- 
tion  above  the  sea,  was  exposed  to  the  air  long  enough  (hundreds 
and  probably  thousands  of  years)  to  permit  the  Charles  and  other 
streams  to  erode  valleys  in  it  to  maximum  depths  of  50  feet  or 
more ;  and,  since  in  this  harbor  area  the  preglacial  channels  of  the 
rivers  had  been  completely  effaced  by  the  deposition  of  the  blue 
clay,  the  new  channels  are  more  or  less  independent  of  the  old. 
This  we  have  seen  is  markedly  true  of  the  lower  or  tide-water  por- 
tion of  the  Charles.  It  was  at  this  time,  as  the  result  of  some 
relatively  slight  and  wholly  fortuitous  inequality  in  the  surface  of 
the  clay  deposit  or  of  the  sand,  a  slight  thickness  of  which  was 
here  and  there  spread  over  the  surface  of  the  clay  in  the  closing 
stages  of  Lake  Shawmut,  that  the  Charles  first  began  to  follow  its 
present  course  below  the  Harvard  Bridge.  That  the  erosion  of  the 
clay,  producing  all  the  depressions  now  occupied  by  the  inner  harbor, 
was  subaerial  and  not  marine  —  fluvial  and  not  tidal  —  and  that  it 
extended  over  a  long  time,  are  indicated  by  the  superficial  yellowing 
of  the  clay  through  the  oxidizing  influence  of  the  atmosphere  ;  the 
oxidation  extending  commonly  to  depths  of  o  to  10  feet  below  the 
present   upper  surface  of   the   clay,  even  under  the  bed  of  the  river. 
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This  is  an  important  point,  since  it  proves  conclusively  that  the  es- 
tuary of  the  Charles  is  not  due  to  tidal  scour,  but  is  the  product  of 
the  river  at  a  time  when  the  land  stood  higher  relatively  to  the  sea 
than  now. 

During  the  subsequent  slow  subsidence  of  the  land  the  erosion  of 
the  bed  of  the  river  ceased,  and,  instead  of  being  further  degraded, 
it  was  somewhat  aggraded  by  the  deposition  of  sand  and  fine  gravel 
to  varying  depths ;  the  borings  for  the  Charles  River  bridges  show- 
ing, resting  unconformably  upon  the  eroded  surface  of  the  blue  clay, 
from  o  to  20  feet  of  sand  and  gravel,  the  prevailing  thickness  being 
from  5  to  10  feet.  This  deposit,  which  appears  to  become  thicker 
landward  and  thinner  and  less  continuous  seaward,  is  probably  in  part 
marine  —  a  beach  formation,  just  as  we  may  now  find  at  various 
points  about  the  harbor  beaches  of  sand  and  gravel  forming  over  the 
blue  clay  as  well  as  the  bowlder  clay.  In  part,  also,  it  may  be  re- 
garded as  residuar)',  an  accumulation  of  the  stones  once  incorporated 
with  the  blue  clay  which  has  been  removed  by  fluvial  erosion. 

The  harbor  as  we  now  know  it  came  into  existence  with  the  sub- 
sidence of  the  land  to  approximately  its  present  level,  and  the  inner 
harbor,  at  least,  is  confined  almost  wholly  to  the  valleys  which  had 
previously  been  formed  by  fluvial  erosion  in  the  blue  clay.  With 
farther  subsidence,  carrying  these  deposits  below  the  sea  level,  the 
sand  and  gravel  gradually  gave  way  to  the  silt,  or  the  black,  carbon- 
aceous, sandy  mud  or  muddy  sand,  which  everywhere  forms  the  im- 
mediate floor  of  the  harbor  below  the  Boston  base. 

Since  the  blue  clay  is  the  principal  deposit  above  the  bowlder 
clay,  it  demands  special  consideration.  Careful  mechanical  analyses 
of  the  blue  glacial  clay  of  this  region  show  that  it  invariably  contains 
a  large  proportion  of  quartz  flour,  which  detracts  but  slightly  from 
its  clayey  qualities,  while  adding  to  its  value  for  brickmaking,  etc., 
by  temj)ering  the  clay.  At  its  higher  levels,  and  almost  everywhere 
above  the  low-tide  level,  the  clay  has  been,  as  previously  noted,  su- 
perficially oxidized  to  a  buff  or  yellow  color.  The  fact  that  the 
yellow  or  oxidized  clay,  and  also  the-  oxidized  bowlder  clay,  is  found 
from  I  a  to  20  and  even  30  feet  or  more  below  low  tide,  indicates 
that  the  gSacial  lake  was  drained  and  .the  deposit  exposed  to  the  air 
for  a  long  tune  before  the  land  subsided  to  its  present  level  rela- 
tively to  the  sea. 

Both  the  pxidized   and    unoxidized    clay    are    naturally    of    a    very 
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stiff,  tough,  and  impervious  character;  and  this,  together  with  the 
considerable  weight  which  they  bear,  must  keep  them  comparatively 
dry,  or  free  from  any  excess  of  water.  The  oxidation  makes  the 
clay,  and  also  the  bowlder  clay,  harder  and  firmer,  by  cementing  the 
clay  particles  with  iron  oxide ;  and  this  may  explain  the  fact  that  the 
boring  records  often  indicate  **hard  clay"  above,  passing  downward 
through  "stiff  clay"  to  **soft  clay."  As  regards  its  imperviousness, 
it  must  be  noted  that  the  formation  as  a  whole  in  its  natural  posi- 
tion must  be  more  impervious  to  the  overlying  water  of  the  harbor 
than  filtration  experiments  with  a  representative  series  of  samples 
would  indicate ;  because  the  stratification  of  the  clay  must  be  strictly 
horizontal,  and  the  highly  impervious  or  non-pervious  layers  of  plastic 
clay  prevent  the  water  from  gaining  access  to  the  occasional  rela- 
tively pervious  sandy  layers. 

One  of  the  most  interesting  sections,  as  regards  the  light  which 
it  throws  upon  the  relations  of  the  blue  clay,  is  that  based  upon  the 
borings  made  preparatory  to  dredging  on  the  southwest  side  of  the 
Bird  Island  flats.  This  shows,  toward  the  west  end  of  the  flats,  and 
from  the  bottom  upwards :  first,  bowlder  clay,  forming  a  well-defined 
valley,  which  is  filled  with,  second,  blue  clay,  the  blue  clay  being 
soft  below  and  passing  upward  through  stiff  to  hard,  the  hard  clay 
being  rather  thin,  and  in  part  yellow  instead  of  blue,  as  the  result  of 
oxidation. 

The  Silt. 

"  Silt "  is  used  here  as  a  general  name  for  the  recent  deposits 
(including  those  now  forming),  which  are  of  a  fine  or  muddy  char- 
acter. The  blue  clay  is  covered  normally  by  2  to  5  feet  or  more  of 
soft,  black  (carbonaceous),  sandy  mud,  or,  more  properly,  a  fine, 
muddy  sand,  which  commonly  contains  shells  or  fragments  of  shells, 
and  is  thus  strongly  contrasted  with  the  blue  clay.  Wherever  streams 
had  excavated  hollows  in  the  surface  of  the  blue  clay,  these  are  par- 
tially or  wholly  filled  with  silt,  which  there  attains  an  exceptional 
thickness  —  1 5  to  20  feet  in  some  cases.  *  Other  instances  where  this 
sandy  silt  has  an  exceptional  thickness  are  best  explained  as  due  to 
the  dredging  of  the  silt  and  its  use  for  filling.  In  some  instances, 
also,  the  silt  is  less  carbonaceous,  and  passes  into  a  fine  sand. 

The  silt  is  an  entirely  loose  and  uncompacted  deposit,  which  is 
easily  moved  or  drifted  about,  like  sand  on  a  beach,  by  the  action  of 
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the  current ;  and  hence  areas  from  which  it  must  once  have  been 
removed  by  dredging,  as  about  the  wharves,  are  now  in  general  cov- 
ered by  it  again,  so  that  it  is,  in  fact,  a  nearly  universal  deposit  in 
this  part  of  the  harbor.  That  the  silt  is  very  sensitive  to  variations 
in  the  force  of  the  currents  is  shown  by  the  fact  that  in  a  more 
sheltered  area,  like  the  angle 'between  the  Charles  and  Mystic  rivers, 
off  the  Navy  Yard,  it  attains  a  much  greater  thickness  —  commonly 
10  to  15  feet,  with  a  maximum  of  25  feet.  The  fact  that  the  deposi- 
tion of  this  relatively  coarse  material  between  Boston  and  East  Boston 
is  almost  at  a  standstill  now  is  proof  sufficient  that  the  deposition 
of  the  blue  clay  belongs  entirely  to  the  past,  and  to  a  somewhat  re- 
mote past ;  for  we  have  incontestable  evidence  that  the  deposition  of 
this  sandy  silt  began  a  long  time  ago  and  has  witnessed  a  notable 
change  in  the  relative  levels  of  the  land  and  sea.  Innumerable  bor- 
ings and  excavations  in  the  low  lands  all  about  Boston  and  in  the 
valleys  of  the  Chkrles  and  Neponset  rivers,  etc.,  have  shown  that 
this  highly  fossiliferous  silt,  containing  many  shells  no  longer  living 
in  Boston  Harbor,  rests  upon  the  blue  clay  and  is  covered  by  a  con- 
siderable thickness  of  peat.  The  peat  is  largely  now  below  sea  level, 
and  thus  proves  that  a  subsidence  of  the  land  has  taken  place.  This 
postglacial  subsidence,  tending  to  deepen  the  harbor,  has  made  the 
conditions  increasingly  favorable  to  the  deposition  of  the  silt. 

The  slow  subsidence  of  the  land  which  made  the  accumulation  of 
the  silt  possible  has  continued  during  the  whole,  period  of  its  accumu- 
lation; and  we  have  good  reason  to  believe  that  this  subsidence  is 
still  in  progress,  and  that  the  silt  is  still  accumulating.  The  average 
or  normal  rate  of  increase  of  a  deposit  of  this  character  must,  in  the 
nature  of  the  case,  be  extremely  slow;  and  that  it  has  been  slow  in 
this  instance,  and  that  it  began  a  long  time  ago,  is  proved  by  the 
fact  that  it  has  not  only  witnessed  a  notable  change  in  the  relative 
levels  of  the  land  and  sea,  but  also  a  notable  climatic  change,  for  it 
contains  sj)ecies  of  shells  no  longer  living  in  Boston  Harbor  or  north 
of  Cape  Cod.  It  is  probably  entirely  within  bounds  to  say  that  the 
deposition  of  the  silt  has  covered  a  period  of  fully  five  thousand 
years,  the  rate  varying  according  to  the  locality,  from  less  than 
I   foot  to  5  feet  in  a  thousand  years. 

It  is  easy  to  see  that  for  any  given  locality  the  rate  must  di- 
minish as  the  subsidence  progresses  and  the  depth  of  the  water  in- 
creases.    Hence,  except  for  the  wastes  from  sewers  and  the  greater 
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wash  from  streets  and  ploughed  ground  than  from  the  natural  for- 
est covered  drainage  area,  we  may  fairly  assume  that  the  rate  of 
deposition  at  the  present  time  for  the  estuary  of  the  Charles  is  less 
than  the  average  for  the  past.  A  rate  above  the  normal  is  possible 
only  in  a  relatively  sheltered  area,  or  where,  through  some  change 
in  the  strength  or  direction  of  a  current,  silt  that  has  been  depos- 
ited is  swept  away,  to  be  redeposited  in  a  more  quiet  place.  In 
other  words,  original  deposition  must  be  slow,  and  slower  now  than 
formerly,  unless  increased  by  artificial  causes;  and  redeposition  only 
may  vary  widely  from  the  normal  rate. 

The  silt,  as  now  distributed,  is  in  part  distinctly  or  highly  fos- 
siliferous,  and  in  part  free  or  comparatively  free  from  shells.  Not 
infrequently  the  same  boring  shows  it  to  be  free  from  shells  above, 
and  shell-bearing  below.  Obviously,  the  hiost  if  not  all  of  the  shells 
are  too  heavy  to  be  transported  by  the  tidal  currents,  and  hence 
where  the  silt  is  suffering  erosion  the  shells  are  left  behind,  grad- 
ually forming  a  residuary  accumulation  or  layer,  which  must  tend 
to  protect  the  silt  from  farther  erosion,  and  the  material  which  has 
been  swept  away  is  deposited  in  some  more  tranquil  spot,  free  from 
shells.  Hence  the  absence  of  shells  may  be  regarded  as  an  indica- 
tion of  transportation  from  the  point  where  the  material  was  orig- 
inally deposited;  and  it  is  a  safe  conclusion  that  the  erosion  would 
have  been  much  more  extensive  than  it  has  been^  but  for  the  shells. 

We  have  noted  that  the  average  rate  of  deposition  of  the  silt 
must  have  been  greatly  reduced  by  the  construction  of  sea  walls, 
wharves,  etc.,  in  the  harbor,  and  of  dams  on  the  river,  and  that  the 
proposed  dam  would  operate  very  efficiently  to  the  same  end  by 
permanently  cutting  off  a  vast  amount  of  material  which  might  con- 
ceivably be  swept  out  into  the  harbor,  and,  by  diminishing  the  vol- 
ume of  the  tidal  reservoir,  and  consequently  the  movement  of  the 
tidal  prism,  lessening  the  power  of  the  tidal  currents  to  transport 
detritus  remaining  below  the  dam  and  exposed  to  their  action.  This 
principle  appears  still  more  important  when  we  reflect  that  the  chief 
source  of  detritus  in  the  past  has  been,  not  the  river,  but  the  shores, 
islands  and  flats  of  the  harbor.  In  other  words,  the  pre\'ailing 
movement  has  quite  certainly  been  inward  and  not  outward,  the  es- 
tuaries and  bays  being  slowly  but  surely  filled  up  and  obliterated 
by  contributions  chiefly  from  the  sea  and  not  from  the  land.  This 
conclusion  is  greatly  strengthened  by  the  obvious   fact    that  the  in- 
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coming  tide  must  be  the  more  efficient  agent  of  detrital  transporta- 
tion, since,  as  has  been  confirmed  by  recent  observation,  the  cold 
salt  water  of  the  flood  must  be  heavier  than,  and  consequently  will 
have  some  tendency  to  flow  beneath,  the  relatively  warmer  fresh 
water  of  the  ebb  tide. 

A  most  striking  illustration  of  the  inefficiency  of  fluvial  trans- 
portation in  this  region  is  afforded  by  the  fact  that  the  Mystic 
Ponds,  occupying  kettle  holes,  or  depressions  in  the  modified  drift 
due  to  the  melting  of  residuary  and  buried  masses  of  ice,  and  there- 
fore dating  from  the  close  of  the  ice  age,  have  not  been  obliterated 
or  even  appreciably  diminished  in  area  by  the  action  of  the  river 
during  a  period  estimated  at  ten  thousand  years.  In  this  connec- 
tion we  may  also  pertinently  note  that  the  shells  in  the  silt  not  only 
protect  it  from  erosion,  but,  like  pebbles  on  a  beach,  favor  its  ac- 
cumulation by  affording  in  the  dead  water  of  interstitial  spaces  an 
opportunity  for  sand  and  silt  to  settle.  The  last  thought  suggests 
another.  Apparently  the  shells  in  the  silt  are  all  dead,  some  of 
them,  at  least,  having  become  so  since  the  settlement  of  this  region 
by  Europeans,  and  probably  as  an  incident,  or  indirect  consequence, 
of  the  increasing  density  of  the  human  population;  and  it  may  be 
doubted  if,  in  the  absence  of  its  organic  accompaniment,  the  accumu- 
lation of  silt  could  continue  at  its  normal  rate  on  tide-swept  areas. 
On  the  other  hand.  Dr.  Field  has  pointed  out  that  the  extinction  of 
some  if  not  all  of  the  moUuscan  types,  and  notably  of  the  long 
oysters,  was  due  to  an  excess  of  silt,  the  abnormal  length  of  the  oys- 
ters being  interpreted  as  due  to  an  unconscious  effort  on  the  part 
of  the  organism  to  keep  pace  with  the  growth  of  the  sediment 
which  finally  overwhelmed  it.  This  crisis  might  perhaps  reasonably 
be  explained  as  a  consequence  of  the  deforesting  and  cultivation  of 
the  land,  making  it  more  easily  eroded.  But  the  tendency  is  clearly 
in  the  opposite  direction  now,  for  shore  defences,  paved  streets,  inter- 
cepting sewers,  the  covering  of  extensive  areas  by  buildings  and  the 
general  restriction  of  cultivation  to  turf  and  trees  must  have  greatly 
checked  both  marine  and  subaerial  erosion,  and,  in  consequence,  the 
complementary  process  of  deposition  must  be  nearly  at  a  standstill, 
so  far  as  it  depends  upon  land-derived  detritus;  and  we  have  in 
future  chiefly  to  guard  against  the  inward  transfer  by  the  deep  run- 
ning flood  tides  of  the  immense  deposit  of  silt  in  the  outer  harbor. 
Certainly  one  important  means  to  this  end  is  the  reduction  of  the 
tidal  reservoirs. 
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While  the  early  development  of  civilization  in  this  district  probably 
tended,  for  the  reasons  stated,  to  accelerate  the  deposition  of  the  silt 
and  to  extinguish  the  organisms  characteristic  of  the  older  and  deeper 
portions  of  the  deposit,  the  later  developments  have  undoubtedly  oper- 
ated to  retard  the  deposition  of  the  silt,  even  reducing  it  below  its 
normal  or  pre-colonial  rate ;  and  we  may  anticipate  that  the  tendency 
to  shoaling  will  be  diminished  by  the  deepening  and  broadening  of 
the  channel  by  dredging  now  or  reqiently  in  progress. 

Conclusion. 

That  the  waterways  of  the  inner  harbor  are  not  due  in  any 
appreciable  degree  to  the  erosive  action  of  the  tides,  and  that  wave 
erosion  tends  only  to  the  obliteration  of  the  channels,  are  proposi- 
tions which  should  require  no  further  argument.  Postglacial  depo- 
sition aside,  the  subaqueous  contours  are  the  product  either  of  the 
glacial  agencies  in  the  laying  down  of  the  drift  formation,  or  of  the 
subaerial  or  stream  erosion  of  the  glacial  deposits,  and  especially  of 
the  blue  clay.  That  the  erosion  was  subaerial  is  proved  by  a  variety 
of  features,  —  especially  by  its  occurrence,  in  general,  only  where 
required  by  the  existing  drainage  systems  of  the  land ;  and  by  the 
superficial  oxidation  of  both  the  bowlder  clay  and  the  blue  clay,  even 
where  covered  by  a  considerable  depth  of  highly  carbonaceous  silt. 
The  land  valleys  thus  developed  below  the  present  level  of  the  sea 
were  drowned  by  the  subsequent  subsidence  which  made  possible 
the  deposition  of  the  silt  in  them.  That  the  rate  of  subsidence  has, 
in  the  main,  exceeded  the  rate  of  deposition  of  the  silt,  the  channels 
deepening  in  spite  of  the  deposition,  is  obvious,  for  otherwise  the 
channels  must  have  been  filled  and  obliterated ;  and  that  the  sub- 
sidence is  probably  still  in  progress  is  indicated  by  many  facts  noted 
on  this  and  other  parts  of  our  coast,  such  as  the  submerged  forests 
and  peat  beds,  and  the  wearing  away  by  the  waves  of  aboriginal 
shell  heaps  and  graves.  But  that  the  rate  of  subsidence  has  prob- 
ably diminished  would  seem  a  safe  inference,  in  view  of  the  exten- 
sive development  over  the  inter-channel  areas  of  eel-grass  flats,  sub- 
sequently, in  large  part,  converted  into  salt  marsh,  on  which  peat 
has  formed  more  or  less  extensively.  In  fact,  the  breadth  of  fully 
developed  marsh  in  some  parts  of  the  harbor,  and  the  approximately 
uniform  elevation  of  even  our   broadest   beaches,  such  as  Nantasket, 
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are  suggestive  of  a  good  degree  of  stability  at  the  present  time ;  ^ 
and  that  the  subsidence  has  been  more  or  less  intermittent  is  indi- 
cated by  peat  beds  interstratified  with  the  silt,  and  now  10  to  20  feet 
below  the  minimum  elevation  (high  tide)  at  which  peat  can  form. 
That  the  movement  has  not  actually  been  reversed,  or  at  least  that 
the  downward  movement  has  dominated  throughout  postglacial  time, 
is  indicated  by  the  facts  stated,  and  also* by  the  absence  of  the  car- 
bonaceous silt,  with  or  without  its  characteristic  fossils,  above  sea 
level. 

That  the  silt  deposition  has  in  the  past  lagged  far  behind  the 
subsidence  is  obvious,  the  average  thickness  of  the  silt  being  but  a 
small  fraction  of  the  average  depth  of  the  harbor  to  the  bottom  of 
the  silt.  We  are  thus  brought  once  more  to  the  conclusion  that 
only  redeposition  of  the  silt,  or  its  transfer  from  one  point  to  an- 
other, like  drifting  snow,  can  lead  to  appreciable  shoaling  of  the 
harbor. 

The  argument  that  if  the  tidal  scour  were  diAiinished,  as  it  would 
be  by  any  reduction  of  the  tidal  reservoir,  Boston  Harbor  would  fill 
up  and  become  shallow,  like  Quincy  and  Dorchester  bays,  where 
there  is  very  little  tidal  scour,  is  based  on  the  assumption  that 
these  bays  were  once  deep,  and  have  silted  up.  But  this  assumption 
is  wholly  unwarranted.  In  the  case  of  Quincy  Bay,  between  the 
Neponset  River  and  Weymouth  Fore  River,  there  is  no  tributary 
stream  of  sufficient  magnitude  to  have  excavated,  during  tTie  time 
when  the  coast  was  more  elevated,  channels  comparable  in  depth 
and  breadth  with  the  lower  estuary  of  the  Charles.  The  known 
facts  indicate,  rather,  that  the  low  sand  plain  of  North  Quincy  ex- 
tends eastward  under  this  part  of  the  harbor,  affording  a  foundation 
for  the  broad  areas  of  eel  grass,  in  the  meshes  of  which  some  mud 
has  been  slowly  entrapped ;  but  that  the  piud  or  silt  has  attained 
important  thickness  is  improbable. 

In  Dorchester  Bay  it  appears,  from  the  borings  made  in  connec- 
tion with  the  construction  of  the  main  drainage  tunnel,  that  in  an- 
cient times,  prior  to  the  general  subsidence  of  the  district,  the  Ne- 
ponset   River   excavated   a   channel   in   the   blue  clay  to  a  depth  of 


^  As  previously  referred  to,  the  State  geologist  of  New  Jersey  has  deduced  from 
varied  and  manifold  data  a  probable  rate  of  subsidence  of  the  coast  in  the  vicinity  of 
New  York  Harbor  at  the  present  time  of  about  2  feet  per  century ;  and  yet  the  beach 
and  marsh  developments  of  that  coast  are  fully  equal  to  those  of  Boston  Harbor. 
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between  50  and  60  feet  below  the  present  low-tide  level,  and  that 
in  this  channel  the  silt  now  has  a  maximum  thickness  of  about  25 
feet.  It  should  be  noted,  however,  that,  encircled  as  it  is  by  land 
largely  composed  of  modified  drift  in  the  form  of  fine  sand,  the 
•  conditions  have  here  been  exceptionally  favorable  to  the  compara- 
tively rapid  accumulation  of  the  silt.  It  is  easy  to  see  that,  during 
the  slow  submergence  of  such  low,  sandy  tracts  as  we  have  in  North 
Quincy  and  the  eastern  part  of  Dorchester,  the  sand  would  be 
worked  over  extensively  and  deeply  by  the  waves,  and  much  car- 
bonaceous mud  incorporated  with  it,  and  the  sandy  silt  thus  devel- 
oped at  a  much  more  rapid  rate  than  would  be  possible  after  sub- 
mergence became  an  accomplished  fact. 

The  bowlder  clay  which  elsewhere  constitutes  so  large  a  part  of 
the  shores  of  the  harbor,  particularly  around  the  upper  harbor,  and 
the  lower  part  of  the  estuaries  of  the  Charles  and  Mystic,  erodes 
much  more  slowly,  and,  when  worked  over,  as  during  the  slow  sub- 
sidence, yields  to  the  waves  chiefly  stones  and  gravel  which  remain 
on  the  beach,  and  quartz  flour  and  clay  which  cannot  settle  in  the 
tidal  channels,  but  are  likely,  so  far  as  not  entrapped  in  the  meshes 
of  the  eel  grass,  to  be  swept  out  to  sea  by  the  ebb,  and  deposited 
in  deep,  quiet  water  off  shore.  This  enables  us  to  understand  how 
it  is  that  the  channels  of  the  inner  harbor  have  survived  submer- 
gence, and  that  in  some  cases  they  are  almost  bare  of  silt.  It  is 
especially  interesting  to  note  that  on  the  shores  of  the  inner  harbor, 
in  Boston,  Charlestown,  East  Boston  and  South  Boston,  easily  eroded, 
sandy  drift  is  conspicuous  by  its  absence,  and  the  floor  of  this  part 
of  the  harbor  is  but  lightly  covered  by  silt;  but  above  the  Charles- 
town  bridges,  in  Cambridgeport  and  Brookline,  the  shores  are  largely 
fine  sand,  and  the  upper  portion  of  the  estuary  of  the  Charles  is 
deeply  silted  above  .the  surface  of  the  blue  clay. 
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A   SYSTEM    OF    QUALITATIVE    ANALYSIS    INCLUDING 
NEARLY  ALL    THE  METALLIC  ELEMENTS. 

By  ARTHUR  A.  NOYES. 
(Preliminary  Publication.) 

INTRODUCTION. 

The  aim  of  this  investigation  has  been  to  work  out  in  detail  a 
systematic,  universally  applicable  scheme  of  qualitative  analysis' which 
shall  include  as  nearly  as  practicable  all  the  metallic  elements,  and 
which  shall  make  possible  their  detection  even  when  present  in  quan- 
tity as  small  as  one  or  two  milligrams. 

The  great  importance,  both  from  a  technological  and  a  purely 
scientific  standpoint,  which  has  become  attached  in  recent  years  to 
many  of  the  "rare  elements"  —  so  called  often  only  by  reason  of 
their  traditional  and  somewhat  arbitrary  exclusion  from  the  usual 
schemes  of  qualitative  analysis  —  has  made  it  highly  desirable  that 
a  systematic .  and  reliable  method  for  their  detection  be  available. 
Any  chemist  who,  without  previous  experience  in  this  field,  has  occa- 
sion to  test  for  small  quantities  of  these  elements  will  infer  upon 
consulting  the  existing  literature,  and  become  convinced  when  he 
begins  to  experiment,  that  his  problem  is  beset  with  difficulties  and 
will  require  much  time  for  its  solution. 

Until  within  a  few  years,  aside  from  the  brief  outlines  given  in 
the  text-books  on  Qualitative  Analysis  of  Rose,  Fresenius,  Classen, 
and  a  few  other  writers,  nothing  like  a  systematic  scheme  of  analysis 
existed;  and  it  was  necessary  for  the  analyst  to  apply  as  best  he 
could  the  isolated  separations  and  tests  recorded  in  such  text -books 
and  in  the  journals.  In  1898  Carnot  published  in  his  "Trait6  d'an- 
alyse  des  substances  min^rales  "  a  scheme  of  qualitative  analysis  which 
included  all  the  more  important  rare  metals.  But  none  of  these 
methods  seem  to  have  been  subjected  to  any  adequate  investigation 
with  reference  to  the  effectiveness  of  the  separations  or  the  relia- 
bility  and  delicacy  of  the  tests ;  moreover,  in  a  field  of  work  where 
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the  closest  adherence  to  the  proper  conditions  is  essential  to  success, 
the  directions  given  are  of  a  most  general  character.  These  schemes, 
therefore,  when  tested  in  the  laboratory,  are  found  to  be  seriously 
defective,  and  to  have  little  practical  value,  except  for  the  detection  of 
large  quantities  of  some  of  the  rare  elements.  A  vast  amount 
of  valuable  work  has,  of  course,  been  published  upon  the  separa- 
tion of  the  rare  elements  of  separate  groups,  like  the  rare-earths, 
the  platinum-metals,  and  the  rarer  alkali-metals;  but  this  work  has 
been  done  mainly  from  the  standpoint  of  quantitative  analysis  and 
with  reference  to  the  limited  number  of  elements  which  are  found 
associated  in  certain  important  minerals  or  ores.  Of  the  systematic 
procedures  devised  for  qualitative  purposes  ought  to  be  mentioned, 
however,  those  of  Mylius  and  Dietz  {Ber.^  31,  3 191.  1898)  and  of 
Leidii  and  Quennessen  {BtilL  soc,  chim,  (3)  27,  181.  1902)  on  the 
platinum  metals,  and  of  Possetto  {C/tem,  Centralb.  1898,  i,  634)  on 
the  rare-earths.  These  quantitative  and  qualitative  investigations  have 
furnished  many  of  the  data  necessary  for  the  working  out  of  a  com- 
plete systiem  of  qualitative  analysis,  such  as  that  which  forms  the 
object  of  this  investigation. 

This  work  has  been  in  progress  for  over  three  years,  and  has 
been  carried  on  in  large  part  by  research  assistants  and  advanced 
students,  whose  valuable  aid  will  be  given  recognition  in  connection 
with  the  separate  groups  of  metals  upon  which  each,  worked.  The 
investigation  has  been  liberally  assisted  by  grants  from  the  Warren 
Fund  of  the  American  Academy  of  Arts  and  Sciences,  and  will  be 
published  in  its  final  form  in  the  Proceedings  of  that  Academy.  It 
has  been  thought  advisable,  however,  to  make  in  this  journal  a  pre- 
liminary publication  of  the  work,  as  fast  as  integral  portions  of  it 
are  brought  into  satisfactory  shape,  so  that  the  method  may  be  avail- 
able at  once  to  those  who  may  desire  to  use  it.  The  work  upon  it 
will  be  continued,  in  order  to  test  it  more  thoroughly  and  to  improve 
it  in  matters  of  detail ;  but  it  is  not  likely  that  the  procedure  will 
be  radically  modified. 

The  results  will  be  presented  in  the  form  that  seems  best  adapted 
to  the  purposes  of  the  analyst.  The  System  of  Analysis  will  be 
primarily  divided  into  a  series  of  Parts,  in  each  of  which  will  be 
described,  as  a  rule,  the  detection  of  the  elements  precipitated  or 
otherwise  separated  by  a  group  reagent.  Part  I  will  treat  of  the 
Preparation  of   the  Solution ;  Part   II,  of  the   Analysis  of  the  Tung- 
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sten  and  Niobium  Groups ;  Part  III,  of  the  Analysis  of  the  Selenium 
and  Silver  Groups;  Part  IV,  of  the  Analysis  of  the  Platinum  Group 
and  the  Detection  of  Lead  and  Tellurium ;  Part  V,  of  the  Analysis 
of  the  Ruthenium,  Iridium,  Copper,  and  Molybdenum  Groups;  and 
the  succeeding  Parts,  of  the  Rare-Earth,  Aluminum  and  Iron,  Alka- 
line-Earth, and  Alkali  Groups.  Under  each  Part  is  first  presented 
a  Tabular  Outline  which  will  give  a  survey  of  the  important  steps 
and  the  chemical  reactions  involved  in  the  procedure.  This  is  fol- 
lowed by  a  General  Discussion,  in  which  are  presented  the  reasons 
for  the  adoption  of  the  process  employed.  Then  conies  the  Proced- 
ure itself,  and  the  explanatory  Notes  upon  it.  Next  are  presented 
Confirmatory  Experiments  and  References,  which  serve  to  substan- 
tiate the  statements  made  in  the  Notes  and  to  justify  the  details  of 
the  Procedure.  Finally  are  given  the  Test  Analyses,  which  were 
made  with  known  mixtures  according  to  the  procedure,  in  order  to 
test  its  efficiency. 

The  reader  who  wishes  only  to  get  a  general  idea  of  the  method 
and  its  efficiency  will  find  that  the  chapters  entitled  "Tabular  Out- 
line/* "General  Discussion,'*  and  "Test  Analyses,"  will  suffice  for 
,  his  purpose.  The  actual  analyst  will  utilize  especially  those  entitled 
"Tabular  Outline"  and  "Procedure  and  Notes."  Only  to  investi- 
gators in  similar  lines,  or  to  those  who  seek  the  justification  of  the 
statements  made  in  the  Notes  will  the  chapters  on  "Confirmatory 
Experiments  and  References"  be  of  interest. 

The  operations  are  described  in  the  Procedures  in  much  detail ; 
and  the  reasons  for  them,  the  theoretical  principles  involved,  and 
other  incidental  matters  are  presented  very  fully  in  the  Notes.  It 
may  well  seem  to  experienced  analysts  that  the  writer  has  gone  to 
an  extreme  in  this  respect :  but,  in  the  first  place,  attention  to  not 
obvious  details  is  really  essential  in  many  cases  in  order  to  secure 
delicacy  of  the  tests ;  and,  secondly,  it  has  seemed  best  to  make  the 
scheme  as  effective  as  possible  in  the  hands  of  chemists  with  little 
experience  in  this  kind  of  work,  even  though  it  involves  in  some 
cases  rather  lengthy  descriptions.  Even  with  such  a  full  description, 
a  knowledge  of  the  manipulation  of  exact  qualitative  analysis  is  essen- 
tial, in  order  to  enable  one  to  detect  small  quantities  of  some  of  the 
elements.  Before  analyzing  an  unknown  substance,  any  one  using 
the  method  for  the  first  time  should  apply  the  procedure  of  each 
group  to  a  known  mixture  containing  two  or  three  milligrams  of 
each  element. 
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The  directions  are  almost  always  given  in  the  form  applicable  to 
the  case  where  all  elements  that  could  be  present  are  present,  the 
modifications  admissible  when  certain  oj)erations  lead  to  negative  re- 
sults being  usually  sufficiently  evident.  The  scheme  is  divided  into 
a  number  of  separate  "  Procedures,"  a  new  one  being  begun  when- 
ever the  substance  has  been  resolved  into  two  parts  (such  as  a  pre- 
cipitate and  filtrate)  which  are  to  be  submitted  to  different  opera- 
tions, or  whenever  two  or  more  collateral  procedures  converge  to  a 
single  one.  In  order  to  make  it  possible  to  see  at  once  the  proper 
sequence  of  the  procedures  in  an  actual  analysis,  they  are  numbered 
consecutively  in  the  description  (except  that  some  numbers  are  omit- 
ted at  the  end  of  each  Part  to  facilitate  subsequent  revision) ;  and 
at  the  beginning  of  each  procedure  the  one  by  which  the  substance 
was  last  treated,  and  at  the  end  of  each  procedure  those  by  which 
the  two  separated  portions  of  it  are  next  to  be  treated,  are  referred 
to  by  number. 

Most  of  the  experiments  described  under  "Confirmatory  Experi- 
ments and  References  "  are  undoubtedly  merely  confirmations  of  pre- 
viously known  chemical  facts.  The  application  of  these  facts  to  the 
specific  conditions  of  the  procedures  it  was,  however,  constantly 
necessary  to  test ;  and  it  has  seemed  worth  while  to  make  the  re- 
sults a  matter  of  record.  The  experiments  are  preceded  by  a  i-efer- 
ence  to  the  procedure  and  note  to  which  they  relate. 

Of  the  abbreviations  employed,  only  a  few  need  be  explained  : 
G.  D.  is  used  for  General  Discussion;  P.,  for  Procedure;  N.,  for 
Note ;  C.  E.,  for  Confirmatory  Experiments ;  T.  A.,  for  Test  Analyses. 
A  number  within  parentheses  expresses  the  specific  gravity  at  15°: 
even  with  diluted  acids,  the  concentration  is  for  brevity  usually  indi- 
cated in  this  way;  thus  HCl  (1.02)  means  an  acid  made  by  mixing 
one  volume  of  HCl  (1.12)  with  five  volumes  of  water.  When  it  is 
directed  to  add  a  variable  quantity  of  a  reagent  (for  example, 
5-15  ccm.),  the  amount  used  should  be  adjusted  to  the  size  of  the 
precipitate  or  residue.  Certain  brief  expressions  commonly  employed 
in  the  procedures  are  fully  explained,  especially  with  reference  to  the 
manipulative  details,  under  one  of  the  first  procedures  where  they 
occur ;  for  example,  see  P.  3,  N.  2,  as  to  the  exact  significance  of 
«* evaporate  just  to  dryness,"  P.  5,  N.  6,  as  to  that  of  "wash  the 
precipitate.*' 
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PART    I.  — PREPARATION   OF   THE   SOLUTION  (INCLUD- 
ING THE   DETECTION    OF  OSMIUM,   SILVER, 
AND    LEAD). 
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General  Discussion. 

Much  effort  has  Ijeen  devoted  to  determining  the  best  general 
method  for  the  preparation  of  a  solution  of  an  unknown  substance 
for  the  analysis  for  the  metallic  elements.  That  some  definite  method 
be  adopted  for  this  purpose  is  an  essential  preliminary  to  the  work- 
ing out  of  a  general  system  of  analysis,  especially  when  the  rare 
metals  are  to  be  included ;  for  the  subsequent  division  into  groups 
must  depend  to  some  extent  upon  the  nature  of  the  acids  employed 
as  solvents.  The  aim  has  been  to  devise  a  method  of  preparing  the 
solution,  which  in  its  actual  application  to  substances  ordinarily  met 
with  shall  be  as  rapid  as  possible,  which  shall  be  so  general  and  so 
fully  developed  as  to  effect  the  solution  of  practically  all  known  sub- 
stances, and  which  shall  adapt  itself  to  sharp  and  convenient  group- 
separations  in  the  subsequent  system  of  analysis. 

In  the  usual,  well-known  method  of  procedure  with  a  non-metallic 
substance  this  is  heated  successively  with  water,  dilute  and  concen- 
trated hydrochloric  acid,  nitric  acid,  and  aqua  regia.  Then  the  resi- 
due, if  blowpipe  tests  show  the  absence  of  much  reducible  metal, 
is  fused  in  a  platinum  crucible  with  sodium  carbonate ;  or,  if  redu- 
cible metal  is  present,  to  remove  it  the  residue  is  first  treated  with 
special  solvents  like  potassium  cyanide  and  ammonium  acetate,  and 
is  then  fused  in  a  platinum  crucible ;  or,  if  the  use  of  such  solvents 
is  inconvenient  or  ineffective,  the  residue  is  fused  in  a  porcelain 
crucible,  whereby  the  constituents  of  the  crucible  are  introduced. 
Finally,  any  residue  undecomposed  by  the  carbonate  fusion  is  fused 
with  such  special  fluxes,  potassium  disulphate,  sodium  carbonate  and 
nitrate,  sodium  carbonate  and  sulphur,  as  the  apparent  nature  of  the 
residue  suggests.  It  will  be  seen  that  this  procedure  is  very  differ- 
ent from  the  one  summarized  in  the  Tabular  Outline  given  above, 
which  has  been  adopted  as  a  part  of  the  new  System  of  Analysis. 
The  advantages  of  the  proposed  modifications  should  therefore  be 
presented. 

An  important  consideration  having  a  direct  bearing  on  the  pro- 
cedure to  be  adopted   for   the  preparation    of   the    solution   must    be 
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first  mentioned.  This  has  reference  to  the  fact  that  certain  oxides, 
namely,  those  of  silicon,  tungsten,  niobium,  and  tantalum,  do  not 
dissolve,  or  at  any  rate  do  not  remain  in  solution,  in  the  dilute  min- 
eral acids  commonly  employed ;  so  that,  when  a  substance  contain- 
ing these  oxides  has  been  brought  into  solution  by  an  alkaline  fusion 
or  treatment  with  a  special  acid  like  concentrated  sulphuric  or  hydro- 
fluoric acid,  they  separate  upon  neutralization  of  the  alkali  or  upon 
dilution  or  replacement  of  the  acid,  either  immediately  or  in  some 
subsequent  stage  of  the  analysis.  This  fact  has  been  ignored  in 
the  previous  schemes  of  analysis  outlined  for  the  rare  elements;  thus 
tungsten,  in  spite  of  the  insolubility  of  its  oxide  in  acids,  is  provided 
for  either  in  the  ammonium  sulphide  solution  of  the  hydrogen  sul- 
phide precipitate,  or  in  the  filtrate  from  the  ammonium  hydroxide 
and  sulphide  precipitate;  niobium  and  tantalum,  which  are  bound  to 
precipitate  through  hydrolysis  of  their  salts  when  the  solution  is  di- 
luted and  heated  in  the  precipitation  with  hydrogen  sulphide,  are 
commonly  included  among  the  elements  precipitated  by  ammonium 
hydroxide.  It  is  therefore  essential,  unless  these  elements  are  to  be 
allowed  to  appear  somewhat  capriciously  at  different  points  in  the 
analysis,  to  remove  them  at  the  start.  In  order  to  do  this  com- 
pletely, however,  it  is  necessary  to  evaporate  the  solution  to  complete 
dryness,  in  order  to  dehydrate  their  hydroxides  and  make  them  com- 
pletely insoluble  in  dilute  acid.  Even  though  it  is  true  that  certain 
other  elements  divide  themselves  between  such  a  residue  and  the 
solution,  and  must  be  provided  for  in  the  subsequent  analysis  of 
both  portions,  this  is  a  far  less  serious  objection  than  that  justified 
by  the  failure  to  provide  for  the  certain  detection  of  tungsten,  nio- 
bium, and  tantalum.  It  is  for  this  reason  that  the  first  series  of 
operations  after  the  decomposition  of  the  substance  with  strong  acids 
is  directed  to  effecting  the  removal  of  the  group  of  elements  whose 
dehydrated  hydroxides  are  insoluble  in  dilute  acid. 

The  first  solvent  employed  in  the  proposed  method  (P.  i)  is 
nitric  acid,  not  hydrochloric  acid,  the  most  cogent  reason  for  this 
being  that,  if  the  latter  acid  were  used,  certain  elements,  namely, 
arsenic,  selenium,  germanium,  mercury,  and  gallium,  would  be  wholly 
or  partly  lost  in  the  subsequent  evaporations,  owing  to  the  volatility 
of  their  chlorides.  Hydrochloric  acid  also  has  the  disadvantage  of 
causing  the  precipitation  of  silver,  lead,  mercurous,  andthallous  chlor- 
ides,  and   thereby  making  it    impossible   to    determine  whether    com- 
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plete  decomposition  has  been  effected.  Nitric  acid,  owing  to  its  oxidiz- 
ing power,  is,  moreover,  a  more  general  solvent ;  but  it  does  on  this 
very  account  have  the  disadvantage  of  oxidizing  sulphides  to  sul- 
phates and  causing  the  separation  of  the  insoluble  sulphates  of  lead, 
barium,  and  strontium ;  and  it  is  to  reduce  the  amount  of  this  oxi- 
dation and  to  make  certain  crystalline  nitrates,  like  those  of  lead 
and  barium,  more  soluble,  that  a  somewhat  diluted  acid  of  the  spe- 
cific gravity  1.20  is  recommended.  Furthermore,  nitric  acid,  unlike 
hydrochloric  acid,  leaves  all  the-  tin  and  almost  all  of  the  antimony 
in  the  insoluble  portion  of  the  dehydrated  residue. 

The  first  residue  insoluble  in  nitric  acid  is  not  treated  at  once 
with  aqua  regia,  because  the  latter  solvent  decomposes  very  few 
substances  unacted  upon  by  the  former;  because  the  disadvantages 
of  hydrochloric  acid  just  specified  apply  to  its  use  in  some  degree; 
and  because  any  residue  undissolved  by  it,  especially  if  not  thor- 
oughly washed,  might  retain  chlorides  which  would  cause  the  plati- 
num vessel  necessarily  used  in  the  next  treatment  with  hydrofluoric 
acid  to  be  attacked. 

The  residue  undissolved  by  nitric  acid  is  treated  with  hydrofluoric 
acid  for  the  reason  that  this  forms  a  simple  method  of  dissolving 
silica  and  almost  all  silicates,  which  otherwise  would  have  to  be  de- 
composed by  a  fusion  with  sodium  carbonate  or  some  other  flux. 
The  fusion  with  sodium  carbonate  has  the  disadvantages  that  the 
operation  is  less  convenient ;  that  it  introduces  alkali-metals  into  the 
solution,  which  must  therefore  be  tested  for  in  a  separate  solution 
prejjared  in  some  other  way ;  and  that,  before  the  fusion  can  be  car- 
ried out  in  a  platinum  crucible,  the  residue  must  be  tested  for  re- 
ducible metals,  and,  if  they  are  present,  freed  from  them,  as  far  as 
possible,  by  treatment  with  special  solvents,  like  hot  concentrated 
hydrochloric  acid  or  ammonium  acetate  and  potassium  cyanide  solu- 
tions. If,  however,  it  is  not  desired  to  test  for  alkali-metals,  and  if 
reducible  metals  are  probably  absent,  the  residue  insoluble  in  nitric 
acid  (P.  i)  may,  if  the  sodium  carbonate  fusion  is  preferred  to  the 
treatment  here  described,  be  treated  at  once  by  P.  7  and  then  by 
the  subsequent  procedures. 

Both  the  free  and  combined  hydrofluoric  acid  must  next  be  com- 
pletely removed,  in  order  to  proceed  satisfactorily  with  the  analysis; 
for,  otherwise,  partial  solution  of  the  oxides  of  the  tungsten  and  nio- 
bium groups  would  take  place,  and  the  glass  vessels  used  in  subse- 
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quent  operations  would  be  attacked.  Its  removal  might  be  easily 
accomplished  by  a  single  evaporation  with  sulphuric  acid  to  the  point 
of  strong  fuming ;  and  this  would  have  the  advantage  of  decomposing 
a  few  other  substances  (such  as  monazite  and  thorium  fluoride)  that 
are  not  much  attacked  by  hydrofluoric  and  nitric  acids.  A  great 
many  experiments  were  made  to  test  the  applicability  of  this  proc- 
ess of  decomposition,  so  much  used  in  quantitative  work,  to  the 
purposes  of  qualitative  analysis.  It  was  abandoned,  however,  because 
the  introduction  of  sulphuric  acid  complicates  the  subsequent  pro- 
cedure by  preventing  the  complete  separation  of  the  hydroxides  of 
certain  elements  of  the  tungsten  and  niobium  groups  when  the  acid 
is  diluted,  and  by  causing  the  precipitation  of  some  basic  sulphates 
as  well  as  that  of  the  insoluble  neutral  ones  before  it  is  certain  that 
complete  decomposition  of  the  substance  has  been  effected.  Its  aban- 
donment was,  moreover,  made  possible  by  the  discovery  of  an  alter- 
native method  of  decomposing  the  insoluble  fluorides.  It  was  found, 
namely,  that  all  of  these,  except  thorium  fluoride,  are  destroyed  by 
concentrated  nitric  acid  when  its  action  is  supplemented  by  the  addi- 
tion of  finely  di\ided  silica.  This  substance  evidently  acts  by  com- 
bining with  the  hydrofluoric  acid  liberated  by  the  strong  nitric  acid, 
thus  enabling  the  reaction  to  become  complete,  in  accordance  with 
the  Mass-Action  Law ;  it  was,  in  fact,  this  theoretical  consideration 
that  suggested  its  use. 

With  by  far  the  larger  proportion  of  substances  apt  to  be  sub- 
mitted to  analysis,  any  portion  of  the  dehydrated  residue  that  may 
be  undissolved  by  dilute  nitric  acid  (P.  5)  consists  only  of  silica  and 
oxides  of  the  tungsten  and  niobium  groups,  and  dissolves  completely 
when  it  is  treated  with  hydrofluoric  acid  (P.  6).  Still  less  frequently 
will  there  be  a  residue  after  the  next  treatment  with  hot  strong  hy- 
drochloric acid  and  aqua  regia  (P.  7)  ;  for  almost  all  of  the  fairly 
common  substances  previously  unacted  upon,  such  as  manganese  and 
lead  peroxides,  mercuric  sulphide,  silver  chloride,  lead,  strontium,  and 
barium  sulphates,  gold  and  platinum,  are  dissolved  by  these  acids. 
The  lengthy  description  of  subsequent  procedures,  which  is  added 
in  order  to  provide  for  nearly  every  possible  case,  must  not,  there- 
fore, give  the  impression  that  the  method  here  adopted  is  in  its  ordi- 
nary application  long  or  complicated. 

Of  the  subsequent  fusions  necessary  in  special  cases,  only  that 
with  sodium  peroxide   (P.    13)   need   receive   any   general   discussion. 
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This  flux,  suggested  by  the  work  of  Leidid  and  Quennessen  (Bull, 
soc.  cliim.  (3),  27,  181.  1902)  was  adopted,  because  it  undoubtedly  fur- 
nishes the  best  solution  of  the  difficult  problem  of  bringing  the  rarer 
platinum  metals  into  a  soluble  form.  The  process  usually  employed 
for  this  purpose  consists  of  two  parts :  the  metal  is  first  brought 
into  a  fine  state  of  division  by  fusing  it  with  a  large  quantity  of 
lead  and  treating  the  fused  mass  with  nitric  acid;  the  residue  is 
then  intimately  mixed  with  sodium  chloride,  and  heated  to  a  dark 
red  heat  in  a  current  of  chlorine.  Both  parts  of  this  process  are. 
extremely  tedious  and  likely  to  yield  incomplete  results,  even  when 
only  half  a  gram  of  metal  is  to  be  treated.  On  the  other  hand, 
when  the  metal  is  to  be  fused  with  sodium  peroxide,  mechanical  proc- 
esses readily  reduce  it  to  a  sufficiently  fine  state  of  division,  and 
the  fusion  need  not  be  continued  for  more  than  twenty  minutes.  It 
is  true  that  the  nickel  crucible,  in  which  the  fusion  is  best  carried 
out,  is  much  attacked  by  the  flux;  but  the  presence  of  nickel  does 
not  interfere  at  all  with  the  detection  of  the  platinum  metals  or  of 
the  other  elements  which  are  precipitated  by  hydrogen  sulphide,  nor 
does  it  interfere  very  seriously  with  the  detection  of  the  elements 
present  in  the  precipitate  produced  by  ammonium  hydroxide  or  sul- 
phide, since  they  can  be  separated  from  almost  all  of  the  nickel  by 
treating  the  precipitate  with  dilute  hydrochloric  acid.  It  may  be 
added  that,  before  finally  adopting  this  procedure,  a  few  experiments 
were  made  on  metallic  iridium  with  the  hope  of  effecting  its  solution 
by  heating  it  to  200°  in  sealed  tubes  with  bromine  or  with  a  mix- 
ture of  bromine  and  concentrated  hydrobromic  acid  ;  but  the  quan- 
tity dissolved  was  insignificant. 

In  concluding  this  chapter,  it  is  a  pleasure  to  add  that  I  have 
been  ably  assisted  in  this  part  of  the  work  by  Messrs.  J.  E.  Ober, 
G.  V.  Sammet,  and  W.  H.  Whitcomb. 

1  Procedure  and  Notes. 

Procedure  i.  —  If  the  substance  is  a  metal,  treat  it  by  P.  4. 

If  the  substance  is  not  a  metal,  proceed  as  follows :  Grind  about 
1.5  gm.  in  small  portions  in  an  agate  mortar  until  it  is  so  fine  that 
no  grit  is  perceptible  when  a  little  of  it  is  rubbed  between  the 
fingers.  Weigh  out  roughly  about  i  gm.  into  a  casserole,  pour 
over  it    10  ccm.  HNOg    (1.20),   cover  the  dish,  and   digest   the   mix- 
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ture  on  a  water-bath  for  15  minutes,  or  as  long  as  an  action  appears 
to  be  taking  place.  [If,  however,  it  is  thought  necessary  to  test  for 
the  presence  of  osmium  in  the  form  of  a  salt,  boil  the  substance  in 
a  distilling  flask  with  HNOg,  and  collect  and  test  the  distillate  by 
P.  13  and  P.  14.]  Then  add  20  ccm.  boiling  water,  and  allow  the 
residue  to  settle.  [If  a  light-colored  spong)^  mass  of  sulphur  has 
separated,  remove  it  by  means  of  a  rod  or  spatula.]  Decant  the 
liquid  through  a  filter.  If  HNOg  seemed  to  be  slowly  attacking  the 
residue,  digest  it  with  a  fresh  portion  of  HNOg,  dilute,  and  decant 
as  before.  Wash  the  residue  with  hot  water  twice  by  decantation, 
pouring  the  washings  through  the  filter.  Transfer  the  residue  from 
the  casserole  and  filter  to  a  platinum  dish  by  rinsing  with  a  little 
water.  Decant  or  evaporate  off  the  water.  (Solution,  P.  2 ;  resi- 
due, P.  3.) 

Notes,  —  I.  In  order  to  secure  the  decomposition  of  difficultly  decom- 
posable substances  by  the  following  procedures,  it  is  of  fundamental  im- 
portance that  the  substance  be  reduced  to  a  literally  impalpable  powder, 
a  result  that  can  often  be  obtained  only  by  the  long-continued  grinding 
of  the  substance  in  small  quantities  at  a  time. 

2.  One  gram  of  the  substance  is  usually  taken ;  for,  since  1-2  mgm. 
of  almost  any  element  can  be  detected  by  tlys  system  of  analysis,  with 
one  gram  the  presence  of  as  little  as  0.1-0.2%  can  be  determined,  which 
is  ordinarily  sufficient.  It  is  treated  with  the  acid  in  a  porcelain  vessel 
because  of  the  possible  presence  of  chlorides,  which  would  attack  the 
platinum  vessel  which  has  to  be  used  in  the  subsequent  HF  treatment 
(P.  3).  The  HNOa  solution  is  decanted  and  the  residue  is  washed  for 
this  same  reason,  and  also  because  in  many  cases  the  elements  which 
form  insoluble  fluorides,  of  which  calcium  is  the  most  common,  are 
thereby  removed,  so  that  the  subsequent  treatment  with  SiOj  (P.  3) 
becomes  unnecessary.  The  treatment  in  a  distilling  flask  when  osmium 
can  be  present  as  a  salt  is  to  avoid  the  loss  of  this  element  by  volatil- 
ization, as  OSO4.     See  P.  13,  N.  9. 

3.  If  HNOg  attacks  the  substance  with  separation  of  a  white  pre- 
cipitate, the  latter  may  consist  of  hydrated  Sn02,  SbgOs,  SiOj,  TiOj, 
GeOa,  NbjOj,  TajOc,  MoOg,  or  of  BaSO*,  PbSO*,  SrS04.  Certain 
nitrates,  especially  Pb(N08)2  and  Ba(N08)2,  may  also  separate  in  crys- 
talline form  from  the  strong  HNOg;  but  these  dissolve  upon  adding 
water  and  heating  to  boiling.  If  a  dense  yellow  decomposition-product 
results,  it  probably  consists  of  H2WO4.  A  spongy  mass  which  becomes 
pasty  on  boiling  the  solution  is  sulphur. 
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4.  If  a  portion  of  the  substance  is  not  attacked  by  HNOs  (1.20),  it 
probably  consists  of  one  or  more  of  the  following  substances :  the  oxides 
and  sulphates  named  in  N.  3 ;  the  native  6r  ignited  oxides  of  aluminium, 
chromium,  and  zirconium;  the  peroxides  of  manganese  and  lead;  the 
silicates  and  fluosilicates  of  many  elements ;  sulphide  of  mercury ;  fluor- 
ide of  calcium ;  the  halides  of  silver ;  ferrocyanide  of  iron ;  carbon ; 
silicon  carbide. 

Procedure  a.  —  Evaporate  the  HNOg  solution  (P.  i)  as  nearly 
to  dryness  as  is  possible  without  overheating  the  residue.  Heat  in 
a  hot  closet  at  120^  for  one  hour,  or  longer  if  the  mass  has  not 
then  become  perfectly  dry.     (Residue,  P.  5.) 

Note,  —  I.  The  evaporation  to  dryness  and  heating  in  the  closet  at 
120°  serve  to  dehydrate  and  make  less  soluble  in  HNO,  silica  and  the 
hydroxides  of  the  elements  of  the  tungsten  and  niobium  groups,  which 
may  at  first  be  dissolved  by  the  HNOg.  If  the  dry  residue  were  strongly 
heated  over  a  flame,  mercury  compounds  might  be  volatilized,  and  iron, 
aluminium,  and  chromium  oxides  made  insoluble. 

Procedure  3.  —  Add  to  the  residue  insoluble  in  HNOg  (P.  i) 
S-io  ccm.  pure  concentrated  (40^^)  HF  solution,  and  digest  on  a 
water-bath  for  15  minutes.  Note  whether  complete  solution  takes 
place.  Add  5  ccm.  HNOg  (1.42),  and  evaporate  just  to  dryness. 
Cover  the  residue  with  HNOg  (1.42),  and  again  evaporate  just  to 
dryness.     Add  10  ccm.  HNOg  (1.05),  and  heat  to  boiling. 

If  complete  solution  took  place  either  on  the  addition  of  the 
HF,  or  if  it  occurs  on  the  treatment  with  the  HNOg  (1.05),  evap- 
orate just  to  dryness  a  third  time ;  then  heat  the  dish  for  at  least 
one  hour  in  a  hot  closet  at   120°. 

If  neither  the  HF  nor  the  HNOg  (1.05)  produced  a  perfectly 
clear  solution,  evaporate  the  liquid  just  to  dryness,  loosen  the  parti- 
cles from  the  dish,  add  10  ccm.  HNOg  (142)  and  i  gva,  pure,  ignited 
precipitated  silica,  cover  the  dish,  and  digest  on  a  water-bath  for 
three-quarters  of  an  hour.  Then  evaporate  the  liquid  just  to  dry- 
ness, and  heat  the  dish  for  at  least  an  hour  in  a  hot  closet  at  120°. 
(Residue,  P.  5.) 

Notes,  —  I.  The  HF  used  must  leave  no  residue  whatever  after 
evaporation  and  gentle  ignition,  since  otherwise  foreign  elements  would 
be  introduced.     It  must  not  contain   H3SO4  in  considerable   amount. 
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since  otherwise  BaS04  and  PbSO*  may  be  left  undissolved  on  the  sub- 
sequent treatment  of  the  dehydrated  residue  with  HNOg  (P.  5)  and  HF 
(P.  6),  and  since  some  of  the  hydroxides  of  the  niobium  and  tungsten 
groups  may  dissolve.  The  presence  of  H2SO4  in  it  may  be  detected  by 
adding  to  3  ccm.  of  it  10  ccm.  HCl  (1.03)  or  20  ccm.  HCl  (1.02)  and 
I  ccm.  10%  BaCl2.2H20  solution. 

2.  Whenever,  as  in  the  above  procedure,  it  is  directed  to  evaporate 
a  solution  "  just  to  dryness,"  this  should  be  done  in  such  a  manner  as 
not  to  heat  any  portion  of  the  dried  residue  much  above  100°.  This 
may  be  accomplished  by  heating  upon  a  steam-bath,  or  more  rapidly 
over  a  small  flame,  provided  proper  care  be  taken ;  in  the  latter  case, 
after  the  solution  has  been  reduced  to  a  small  volume,  the  dish  must  be 
kept  constantly  in  motion  so  that  the  heated  parts  of  the  sides  as  well 
as  the  bottom  are  always  wet  with  liquid,  and  when  nearly  dry  the  dish 
must  be  often  removed  from  the  flame  and  shaken  in  the  air,  so  that  the 
final  evaporation  will  take  place  at  as  low  a  temperature  as  possible. 

3.  If  the  substance  is  decomposed  by  HF  with  the  separation  of  a 
white  precipitate,  this  indicates  the  presence  of  lead,  bismuth,  lithium, 
magnesium,  or  of  an  element  of  the  alkaline-earth  or  rare-earth  group. 
If  no  such  precipitate  separates,  it  shows  the  absence  in  quantity  as  large 
as  one  milligram  in  the  part  of  the  original  substance  insoluble  in  HNOg, 
of  lead,  bismuth,  calcium,  and  all  the  elements  of  the  rare-earth  group. 
Since  LiF,  MgFj,  SrFj,  and  BaFa  are  somewhat  soluble,  these  precipi- 
tates separate  only  in  the  presence  of  considerable  quantities  of  the 
elements  —  in  the  presence  of,  roughly,  5  mgm.  Li,  2  mgm.  Mg,  8  mgm. 
Sr,  30  mgm.  Na,  when  5  ccm.  HF  are  used. 

4.  The  HF  solution  must  not  be  evaporated  to  dryness  without  the 
addition  of  HNOg ;  for  much  titanium  and  tantalum  would  then  volatil- 
ize as  TiF4  and  TaFs.  In  the  presence  of  HNOg,  however,  the  loss  of 
these  elements  is  inconsiderable,  und9ubtedly  owing  to  the  fact  that  this 
acid  decomposes  their  fluorides.  In  the  evaporation  with  HF  and  HNO, 
there  is  no  loss  of  mercury,  arsenic,  selenium,  germanium,  or  antimony  — 
the  elements  which  volatilize  to  some  extent  out  of  a  boiling  concentrated 
HCl  solution. 

5.  If  complete  solution  takes  place  on  the  addition  of  HF,  the  three 
evaporations  with  HNOg  remove  the  HF  completely,  even  in  the  pres- 
ence of  the  elements  titanium,  niobium,  tantalum,  which  have  a  great 
tendency  to  form  complex  fluorine-containing  acids.  In  that  case,  the 
treatment  with  Si02  can  be  dispensed  with  ;  and  this  is  desirable,  when- 
ever practicable,  both  because  it  saves  time  at  this  point  and  because  it 
makes  it  possible  to  determine  immediately  upon  the  treatment  of  the 
dehydrated  residue  with  HNOg  whether  or  not  elements  of  the  tungsten 
and  niobium  groups  are  present. 
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6.  In  case  the  HF  precipitate  consists  of  even  large  quantities 
(500  ragm.)  of  PbFj,  BiFj,  LiF,  MgFj,  SrFj,  or  BaF„  or  of  a  small 
quantity  (less-  tban  50  mgm.)  of  CaF,,  the  two  evaporations  decompose 
it  completely,  so  that  these  elements  pass  into  solution  on  adding  dilute 
HNOg,  and  the  addition  of  SiOs  is  unnecessary. 

7.  If  oxides  of  the  tungsten  and  niobium  groups  are  alone  present 
in  the  first  residue,  these  (with  the  possible  exception  of  SnOt)  will  yield 
a  clear  solution  upon  the  treatment  with  HF  (see  P.  6,  N.  i),  but  will 
again  separate  after  the  evaporations  with  HNOs ;  in  this  case,  in  which 
HF,  but  not  HNOa,  yields  a  clear  solution,  it  is,  of  course,  also  unnec- 
essary to  treat  with  SiOj. 

8.  When,  however,  CaFg  or  rare-earth  fluorides  separate  in  consider- 
able quantity  on  the  addition  of  HF^  it  is  not  practicable  to  decompose 
them  by  repeated  evaporations  with  HNOs  alone.  But  the  addition  of 
SiOs  and  digestion  with  it  and  strong  HNO^  effect  complete  decomposi- 
tion of  all  the  fluorides  (except  ThF4,  which  may  remain  partially  un- 
decomposed  as  a  dense  crystalline  powder).  The  SiO,  combines  with 
the  HF  that  is  liberated  by  the  HNOj,  and  thus,  in  accordance  with  the 
Mass- Action  Law,  enables  the  decom^position  to  become  complete. 

9.  CaFa,  even  when  present  in  considerable  quantity  after  the  two 
evaporations  with  HNO,,  may  yield  a  homogeneous,  slightly  milky  col- 
loidal solution  upon  the  addition  of  dilute  HNOg.  This  must  not  be 
mistaken  for  a  true  solution,  the  production  of  which  alone  warrants  the 
omission  of  the  SiOg  treatment. 

10.  The  SiOa  used  must  leave  no  residue  whatever  upon  treatment 
with  HF  and  evaporation  of  the  solution.  It  may  be  prepared  by  dilut- 
ing commercial  water-glass  with  ^H^ee  times  its  volume  of  water,  adding 
HCl  as  long  as  precipitation  continues,  decanting,  boiting-the  precipitate 
two  or  three  times  with  water,  drying  it  in  a  hot  closet,  heating  it  two 
or  three  times  with  HCl  (1.20),  washing  it  till  free  from  acid,  drying  it 
in  a  hot  closet,  and  finally  igniting  it. 

11.  The  heating  at  120°  is  necessary  in  order  to  make  silica  and  the 
oxides  of  tin,  tungsten,  and  tantalum  entirely  insoluble  in  HNOj.  This 
is  even  more  necessary  after  they  have  been  dissolved  by  HF  than  when 
treated  with  HNOg  alone.  If  the  residue  were  overheated  during  the 
evaporations,  other  oxides,  like  those  of  iron,  aluminium,  and  chromium, 
might  not  dissolve  completely  on  the  subsequent  treatment  with  HNOs. 

Procedure  4.  —  If  the  original  substance  is  a  metal,  convert  it 
into  a  form  that  ofTers  as  much  surface  as  possible  by  grinding  it 
in  an  agate  mortar,  hammering  it  in  a  "  diamond  "  steel  mortar,  fil- 
ing it  with  a  fine  steel  file,  shaving  it  with  a  knife,  or  converting  it 


Part  L — Preparation  of  the  Solution^  Procedure  5.  107 

into  borings  with  a  drill.  Weigh  out  roughly  about  0.5  gm.  into  a 
casserole,  pour  over  it,  very  gradually  if  a  violent  action  occurs, 
10  ccm.  HNOg  (1.20),  cover  the  dish,  and  heat  the  mixture  on  the 
water-bath  as  long  as  any  evolution  of  nitrous  fumes  occurs,  adding 
more  acid  if  the  action  is  renewed  thereby,  or  a  little  water  if  crys- 
talline salts  have  separated.  Then  evaporate  the  liquid  just  to  dry- 
ness, and  heat  the  residue  in  a  hot  closet  at  120°  for  an  hour,  or 
longer  if  the  mass   has   not  then   become  perfectly  dry.     (Residue, 

p.  5.) 

Note, —  I.  See  P.  i,  N.  3  in  regard  to  precipitates  that  may  separate 
during  the  HNOa  treatment,  and  P.  3,  N.  ii  in  regard  to  the  deh3rdra- 
tion  of  the  residue. 

Procedure  5.  —  Loosen  the  dehydrated  residue  (P.  2,  3,  or  4) 
from  the  dish,  ai;^d  rub  it  to  a  fine  powder  with  a  pestle ;  add  to  it 
5  ccm.  HNOg  (1.20),  or  10  ccm.  if  it  seems  necessary,  cover  the 
dish,  and  heat  on  a  steam-bath  for  10  minutes.  Note  whether  there 
is  any  residue  whatever.  If  no  residue  can  be  seen,  rub  the  sides 
of  the  dish  with  the  rubber-covered  end  of  a  glass  rod,  and  allow 
the  liquid  to  stand  3  or  4  minutes.  If  there  is  a  crystalline  residue 
of  nitrates,  add  enough  water  to  dissolve  it,  and  note  whether  an 
amorphous  residue  remains.  Dilute  with  20  ccm.  water,  and  heat  to 
boiling.  If  the  substance  was  a  non-metallic  one,  unite  at  this  point 
the  two  portions  (treated  by  P.  2  and  P.  3),  unless  it  is  desired  to 
know  their  constituents  separately.  Decant  the  solution  through  a 
washed  filter,  retaining  in  the  dish  as  much  of  the  residue  as  possible. 
If  the  residue  is  large  in  amount,  heat  it  again  with  5  ccm.  HNOg 
(1.20),  dilute  with  water,  and  decant  the  solution  through  the  same 
filter.  Wash  the  residue  with  HNOg  (1.05),  decanting  the  washings 
through  the  filter ;  and  transfer  it  to  a  platinum  dish.  (Residue, 
P.  6;  solution,  P.  51.) 

Notes.  —  I .  If  Si02  has  not  been  added,  important  conclusions  can 
be  drawn  in  regard  to  the  absence  of  certain  elements  in  the  substance 
when  nothing  whatever  remains  undissolved  upon  treating  the  dehydrated 
residue  with  HNOg  (1.20).  The  fact  must  not  be  overlooked,  however, 
that  in  the  dehydrated  form  even  a  very  small  residue  or  slight  turbidity 
may  correspond  to  an  appreciable  quantity  of  an  element.  A  perfectly 
limpid  solution  and  one  that  does  not  deposit  any  sediment  whatever 
after  a  few  minutes'  standing  must  be  obtained,  if  such  conclusions  are 
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to  be  drawn.  Moreover,  it  should  be  noted  whether  such  a  solution 
results  before  diluting  the  HNOs  (1.20)  with  water  (or  after  diluting  it 
with  as  little  water  as  suffices  to  dissolve  crystalline  nitrates) ;  for  any 
residue  is  more  difficult  to  recognize  in  a  large  volume  of  liquid. 

In  case  no  residue  whatever  remains,  it  shows  the  absence  of  silicon, 
tin,  niobium,  and  tantalum  in  quantity  as  large  as  i  mgm. ;  of  antimony 
in  quantity  as  large  as  2  mgm.,  except  when  an  organic  hydroxy-acid  is 
present ;  and  of  tungsten  in  quantity  as  large  as  i  mgm.,  except  when 
phosphoric  or  arsenic  acid  or  an  organic  hydroxy-acid  is  present.  It 
also  indicates  the  probable  absence  of  titanium  in  quantity  as  large  as 
I  mgm.,  except  when  zirconium  is  present 

Organic  hydroxy-acids,  like  tartaric,  lactic,  and  citric  acids,  dissolve 
SbjOo  and  H2WO4  with  great  readiness.  H2WO4  also  dissolves  very 
readily  when  H8PO4  or  H8ASO4  is  present,  owing  to  the  formation  of 
complex  acids.  The  presence  of  arsenic,  phosphoric,  and  organic  acids 
is  detected  in  the  course  of  the  subsequent  procedure.  Boric  acid  does 
not  increase  the  solubility  of  any  of  the  oxides  of  the  tungsten  and  nio- 
bium groups.  Moreover,  it  will  not  be  present  if  the  substance  has  been 
treated  with  HF;  for  even  i  gm.  HjBOg  volatilizes  completely  upon 
evaporation  with  5  ccm.  of  this  acid  and  5  ccm.  HNOa  (i.42).  Even 
500  mgm.  of  titanium  may  dissolve  completely  in  the  HNOg  when  much 
zirconium  (500  mgm.)  is  present. 

2.  If  S1O3  has  been  added,  the  presence  or  absence  of  the  tungsten 
and  niobium  groups  cannot  be  determined  until  the  residue  insoluble  in 
HNOs  has  been  treated  with  HF,  the  solution  evaporated  with  HjSO*, 
and  NH4OH  and  (NH4)2S  added  (P.  6  and  Part  II). 

3.  The  residue  insoluble  in  HNOg  may  contain  in  addition  to  the 
oxides  of  the  elements  named  in  N.  i  the  following  substances :  MoOs, 
when  molybdenum  is  present  in  quantities  over  100  mgm.,  or  when 
tungsten  or  tin  is  also  present;  GeOj,  when  over  30  mgm.  Ge  are 
present;  BigOg,  when  much  antimony  is  also  present;  Se02  and  TeOs, 
when  much  tin  or  antimony*is  also  present;  ThF4,  when  much  thorium 
is  present  in  the  residue  treated  with  HF ;  the  phosphates  and  arsenates 
of  tin,  titanium,  zirconium,  and  thorium,  and  the  vanadate  of  tin,  when 
the  components  of  these  substances  are  simultaneously  present.  The 
residue  may  also  contain  certain  undecomposed  substances  (named  in 
P.  6,  N.  2)  which  are  not  atUcked  by  either  HNO3  or  HF. 

4.  Of  the  elements  named  in  N.  3  which  may  under  the  specified 
conditions  be  present  in  the  residue  insoluble  in  HNOg,  the  following 
ones  always  pass  into  the  HNOg  solution  in  considerable  proportion 
when  large  quantities  of  them  are  present :  molybdenum,  bismuth,  sele- 
nium, tellurium,  zirconium,  thorium,  vanadium,  germanium.     This  is  also 
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true  of  titanium  (N.  i).  Furthermore,  a  small  quantity  of  antimony 
(1-2  mgm.)  dissolves.  Phosphoric,  arsenic,  and  vanadic  acids  are  dis- 
solved completely  when  tin,  titanium,  and  zirconium  are  absent. 

5.  Aside  from  the  elements  named  in  N.  i,  and  under  the  specified 
conditions  aside  from  those  named  in  N.  3,  no  others  are  retained  in 
the  residue  insoluble  in  HNOg  in  important  quantity,  as  far  as  is  known.  ' 
Even  the  elements  bismuth,  tellurium,  zirconium,  and  thorium,  whose 
salts  are  readily  hydrolyzed,  dissolve  completely  when  present  alone  in 
quantities  up  to  500  mgm.  This  is  also  true  of  zirconium,  even  when 
500  mgm.  Ti  are  present.  The  elements  iron,  aluminium,  and  chro- 
mium, whose  oxides  are  made  insoluble  by  ignition,  dissolve  completely 
when  the  residue  has  been  heated  only  to  120°,  at  any  rate  upon  the 
second  digestion  with  HNOj  (1.20).  Of  the  element  gold,  if  originally 
present  as  chloride,  only  the  small  portion  reduced  by  dust  from  the  air 
is  left  in  the  residue. 

6.  Whenever  it  is  directed,  as  at  the  end  of  this  procedure,  to  "  wash  " 
a  residue  or  precipitate,  it  is  understood,  unless  otherwise  stated,  that 
this  operation  is  to  be  continued  until  the  washings  will  give  no  test 
for  some  substance  known  to  be  present  in  the  solution  in  considerable 
quantity. 

Procedure  6.  —  Support  the  filter  containing  some  of  the  resi- 
due insoluble  in  HNO3  (P.  5)  in  a  stout  platinum  ring  or  in  a  funnel 
completely  covered  with  parafiine.  Pour  through  it  5-10  ccm.  pure 
concentrated  HF,  collecting  the  liquid  in  the  platinum  dish  contain- 
ing the  main  part  of  the  residue.  Heat  on  a  steam-bath  for  5  min- 
utes. Dilute  with  25  ccm.  cold  water,  decant  the  solution  through 
the  same  filter,  and  wash  the  residue  and  the  filter  thoroughly.  Then 
rinse  the  residue  from  the  platinum  dish  into  a  casserole.  Collect  the 
solution  in  a  second  platinum  dish.     (Residue,  P.  7;  solution,  P.  31.) 

Notes.  —  I.  The  HF  dissolves  silica  and  all  the  oxides  of  the  niobium 
and  tungsten  groups,  except  that  of  tin,  when  this  is  present  in  large 
quantity ;  but  this  also  dissolves  on  diluting  the  solution  with  cold  water. 
All  the  substances  specifically  named  in  P.  5,  N.  3  also  pass  into  solu- 
tion in  HF,  with  the  exceptions  of  ThF*  and  Th8(P04)4,  of  the  BiaOa 
present  in  excess  of  about  6  mgm.,  and  of  some  Sn,(P04)4  when  this 
is  present  in  large  quantity. 

2.  A  residue  undissolved  by  the  HF  may  consist  of  one  or  more  of 
the  following  substances,  if  the  original  substance  was  non-metallic: 
PbS04,  BaSOi,  SrS04;  HgS,  native  MoS.,;  MnOj,  PbOa;  ignited  or 
native  AUOj,  CrjOg,  FeCraO*  (chromite),  SnOa,  or  TiO^;  AgCl ;  BiF„ 
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ThF4 ;  Prussian  blue ;  Sn8(P04)4,  Th8(P04)4  (as  in  monazite) ;  certain 
silicates  (such  as  cyanite,  andalusite,  tourmaline,  beryl,  zircon,  topaz) ; 
S,  C,  SiC.  It  may  consist  of  one  of  the  following  substances,  if  the 
oaigMuI  substance  was  a  metal :  Au ;  Pt,  Ir,  Rh,  Ru,  or  Os,  or  alloys  of 
these ;  or  certain  alloys  of  iron  (such  as  ferrochrome,  ferrosilicon). 

3.  In  spite  of  dm.  rather  numerous  exceptions  named  in  the  preced- 
ing note,  by  far  the  larger  proportion  of  substances  ordinarily  submitted 
to  analysis,  including  almost  all  sflitttes,  are  decomposed  by  treatment 
according  to  the  foregoing  procedures. 

Procedure  7.  —  Add  to  the  residue  insoluble  in  HF  (P.  6) 
15  ccm.  HCl  (1.20),  and  boil  gently  for  5  minutes.  Then  add  sk)wly 
10  ccm.  water,  keeping  the  liquid  at  its  boiling-point.  Decant  while 
still  hot  through  the  filter  previously  used,  if  this  contains  any  of 
the  residue.  [If  it  is  doubtful  whether  the  HCl  has  dissolved  any- 
thing, evaporate  the  solution  to  dryness  to  determine  it.]  If  the 
residue  has  been  dissolved  to  a  considerable  extent,  but  not  com- 
pletely, boil  it  with  successive  portions  of  HCl  (1.20)  as  long  as  a 
considerable  quantity  of  substance  is  dissolved,  diluting  and  decanting 
each  time  as  before.  To  the  residue  add  3  ccm.  HNOg  (1.42)  and 
10  ccm.  HCl  (1.20),  and  heat  on  a  water-bath  for  5  minutes,  or  longer 
if  an  action  is  taking  place.  Dilute  with  an  equal  volume  of  water> 
filter  through  the  same  filter-paper,  and  wash  the  residue.  Unite  the 
HCl  and  aqua  regia  solutions.  Separate  the  residue  from  the  filter, 
or  incinerate  the  latter,  if  necessary.     (Residue,  P.  8;  solution,  P.  17.) 

Notes.  —  I.  Of  the  substances  named  in  P.  6,  N.  2,  which  may  con- 
stitute the  undecomposed  residue,  it  will  be  found  that  PbS04,  SrS04, 
MnOa,  and  PbOa  dissolve  completely  in  30  ccm.  HCl  (1.20)  on  5  min- 
utes' boiling,  even  when  such  quantity  is  present  as  contains  500  mgm. 
of  the  metallic  element ;  and  they  remain  in  solution  on  the  addition  of 
20  ccm.  boiling  water.  The  same  is  true  of  fused  AgCl  up  to  a  quantity 
containing  100  mgm.  Ag,  of  BaS04  up  to  20  mgm.,  and  of  Sn,(P04)4  in 
large  quantity. 

2.  By  the  treatment  with  aqua  regia,  HgS,  Au,  and  Pt  (except  when 
alloyed  with  another  platinum  metal)  are  also  completely  dissolved. 

3.  The  cases  in  which  a  subsequent  fusion  must  be  resorted  to  are 
therefore  rare.  The  important  substances  for  which  it  is  necessary 
are  named  in  P.  8,  N.  i  and  2. 

Procedure  8.  —  If   the    residue    insoluble    in   aqua    res^ia  (P.  7)   is 
non-metallic  and  light-colored,  and  if  it  is  thought  to  consist  of  a  sili- 
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cate  or  of  BaS04,  ^^  ^'  there  is  no  indication  as  to  its  nature,  fuse 
it  with  Na^COg  as  directed  in  P.  9. 

If  the  residue  is  non-metallic  and  light-colored,  and  if  it  is  thought 
to  consist  of  a  metallic  oxide,  fluoride,  or  phosphate,  fuse  it  with 
K^SgO^  as  directed  in  P.  12. 

If  the  residue  is  metallic,  or  if  it  is  non-metallic  and  dark-colored, 
fuse  it  with  NagOa  ^^  described  in  P.  13. 

Notes, —  I.  The  important  light-colored  non-metallic  substances 
which  may  occur  in  the  residue  insoluble  in  HF,  HCl,  and  aqua  regia 
are:  BaSO*,  certain  silicates,  ThF4,  native  or  ignited  AlaO,,  TiOa, 
ZrOa-SiOj,  monazite,  and  SnOj.  By  fusion  with  NanCOg  the  silicates 
and  BaS04  are  readily  converted  into  soluble  compounds,  but  this 
method  is  ineffective  with  the  other  substances  (except  possibly  ThFi). 
All  of  these,  except  SnOa,  dissolve  in  dilute  H2SO4  after  fusion  with 
K2S9O7.  SnOa  is  best  brought  into  solution  by  fusing  it  with  20  times 
its  weight  of  a  mixture  of  equal  quantities  of  NaaCOj  and  S  in  a  porce- 
lain crucible,  extracting  the  mass  with  water,  and  treating  the  solution 
according  to  Part  II,  and  the  residue,  after  dissolving  in  hot  HCl  (1.12) 
and  properly  diluting,  by  P.  71. 

2.  The  important  substances  that  may  constitute  a  dark-colored  non- 
metallic  residue  are :  chromite  (FeCraO^),  graphite  or  coal  (C),  carborun- 
dum (SiC),  molybdenite  (MoSa),  and  Prussian  blue  (Fe4(FeC6Nc)8). 
A  metallic  residue  may  consist  of  an  alloy  of  iron  (like  ferrosilicon  or 
ferrochrome)  or  of  a  platinum  metal  or  alloy.  Most  of  these  substances 
require  fusion  with  an  oxidizing  flux,  and  all  of  them  yield  to  it.  The 
extremely  powerful  one,  NaaOa,  is  employed  so  that  the  method  may  be 
general ;  for  even  the  platinum  metals,  if  in  a  moderately  fine  state  of 
division,  are  oxidized  by  it.  A  mixture  of  NaaCOg  and  KNOg  would 
effect  decomposition  of  the  other  substances;  and,  if  preferred,  it  may 
be  substituted  for  NaaOa,  except  when  platinum  metals  are  to  be  treated. 

Procedure  9.  —  If  its  character  makes  fusion  with  NajCOg  ad- 
"Wsable  (P.  8),  mix  the  residue  insoluble  in  aqua  regia  (P.  7)  with  ten 
times  its  weight  of  anhydrous  NajCOg  in  a  platinum  crucible.  Cover 
the  crucible  and  heat  it  for  30  minutes  either  over  a  powerful  burner 
(preferably  within  a  cylindrical  porcelain  jacket)  or  over  "a  blast-lamp, 
adding  more  Na2C08  if  a  perfectly  fluid  fusion  does  not  result.  In- 
sert in  the  liquid  mass  a  stout  -platinum  wire  with  a  small  horizontal 
^ing  at  the  lower  end,  and  allow  the  mass  to  solidify  completely. 
Then  heat   the   crucible   till    the   mass    begins   to   melt    around   the 
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sides,  and  remove  it  by  means  of  the  platinum  wire.  Digest  it  on  a 
steam-bath  with  50  ccm.  water  till  the  mass  is  entirely  disintegrated. 
Filter,  and  wash  the  residue.     (Residue,  P.  10;  solution,  P.  11.) 

Note,  —  I.  If  the  mass  is  not  removed  from  the  crucible,  its  dis- 
integration by  the  hot  water  is  often  very  slow. 

Procedure  10.  —  Heat  the  residue  from  the  aqueous  solution  of 
the  fused  mass  (P.  9)  with  5  ccm.  HCl  (1.12)  for  5  minutes,  and 
add  25  ccm.  hot  water.  Filter,  and  wash  the  residue.  (Residue, 
P.  1 2  ;  solution,  P.  71.) 

Note. —  I.  Of  the  elements  of  the  tungsten,  niobium,  selenium,  and 
silver  groups,  tin  and  titanium  are  the  only  ones  that  are  at  all  likely  to 
be  present  in  the  HCl  solution  of  the  fusion  of  the  residue  (P.  7)  insolu- 
ble in  all  the  acids.  As  these  elements  are  tested  for  also  in  connection 
with  subsequent  groups,  the  solution  is  immediately  precipitated  with 
H,S  (P.  71). 

Procedure  11.  —  Acidify  the  aqueous  solution  of  the  fused  mass 
(P.  9)  -with  HCl,  evaporate  the  solution  to  dryness,  and  heat  the 
residue  in  a  hot  closet  at  120°  for  an  hour.  Heat  the  residue  with 
5  ccm.  HCl  (1.12).  Add  .25  ccm.  water;  filter;  and  wash  the  resi- 
due.    (Residue,  P.  6;  solution,  P.  71.) 

Notes, —  I.  The  solution  of  the  fused  mass  is  evaporated  with  HCl, 
and  the  residue  heated  at  120°  and  treated  with  HCl  to  separate  silica, 
which  is  very  likely  to  be  present  A  white  insoluble  residue  probably 
consists  of  nothing  but  silica ;  but,  if  desired,  this  may  be  determined  by 
warming  it  with  HF  (P.  6),  and  treating  the  solution  by  the  subsequent 
procedures  (P.  31). 

2.  Since  it  is  very  improbable  that  elements  of  the  selenium  and 
silver  groups  are  present,  owing  to  the  fact  that  most,  if  not  all,  of  their 
compounds  are  decomposed  by  the  preceding  treatment  with  various 
acids,  the  solution  of  the  dehydrated  residue  is  precipitated  at  once  with 
H.,S. 

Procedure  la.  —  If  the  character  of  the  residue  insoluble  in  aqua 
regia  (P.  7)  makes  fusion  with  K^SjO-  advisable  (P.  8),  or  if  this 
residue  has  been  fused  with  NajCOg  and  undecomposed  substance 
still  remains  on  treating  the  fused  mass  with  HCl  (P.  10),  pour  the 
residue   gradually   into   a   platinum    crucible   containing   ten   times   as 


Part  L  —  Preparation  of  the  Solution^  Procedure  /J.         113 

much  K2S2O7  in  a  state  of  fusion.  Cover  the  crucible,  and  keep 
the  temperature  at  a  dull  red  heat  for  20  minutes.  Cool  the  cru- 
cible, pour  into  it  2-4  ccm.  H^SO^  (1-84)  and  heat  again,  keeping 
the  crucible  covered  until  the  whole  mass  becomes  fluid.  Cool  the 
crucible  and  gradually  pour  its  (still  liquid)  contents  into  30  ccm. 
water.  Decant  the  solution  from  the  residue,  add  to  this  5-10  ccm. 
H3SO4  (1.20),  and  heat  to  boiling.  Filter  and  wash  the  residue. 
(Residue,  P.  6,  and  if  there  is  still  a  residue,  treat  it  by  P.  20.) 
Unite  the  filtrate  with  the  previously  decanted  solution.  Add  2  drops 
HCl  (1.12),  shake  the  solution  vigorously  for  5  minutes  with  i  ccm. 
moist  precipitated  Ag,  and  filter.     (Precipitate,  reject;  filtrate,  P.  71.) 

Notes. —  I.  The  2-4  ccm.  HjSO*  are  added  ait  the  end  of  the  fusion 
to  save  the  considerable  time  otherwise  consumed  in  the  disintegration 
of  the  mass  by  water,  to  dissolve  as  far  as  possible  rare-earth  phosphates 
(as  in  monazite)  which  otherwise  may  separate  in  large  quantity  on  the 
addition  of  water,  and  to  hold  titanium  in  solution,  which  it  does  even 
though  the  solution  be  boiled.  Any  undissolved  residue  is  heated  with 
H3SO4  (1.20)  in  order  to  dissolve  these  phosphates  and  also  any  double 
sulphates  of  the  rare-earths  (like  2KaS04.Th(S04).2)  which  may  have 
been  precipitated  in  crystalline  form. 

2.  An  insoluble  residue  may  consist  of  SiOa,  which  is  ascertained  by 
treating  it  with  HF  (P.  6)  and  evaporating  the  solution  to  complete  dry- 
ness after  the  addition  of  a  little  HaS04;  of  alkaline-earth  sulphates, 
which  are  treated  by  P.  20 ;  and  of  undecomposed  substances  (such  as 
certain  silicates,  cassiterite,  etc.),  which  would  be  left  as  a  residue  upon 
boiling  with  NaaCOj  (P.  20),  and  which  should  be  fused  with  Na«COg 
(P.  9)  or  with  a  mixture  of  NajCOg  and  S  (P.  8,  N.  i). 

3.  The  solution  is  first  shaken  with  Ag  to  remove  the  platinum  which 
is  dissolved  from  the  crucible  by  the  acid  flux ;  if  this  is  not  removed  a 
precipitate  will  be  obtained  with  H-jS  even  though  no  elements  of  that 
group  are  present  The  Ag  precipitate  is  rejected,  since  it  cannot  con- 
tain mercury  (owing  to  its  volatility  at  a  red  heat)  or  gold  (owing  to  the 
metal  being  unattacked  by  K2S3O7),  and  is  very  unlikely  to  contain  pal- 
ladium or  platinum  (aside  from  that  taken  up  from  the  crucible),  and 
since  these  are  the  only  elements  precipitable  by  silver  from  a  solution 
containing  little  HCl  (see  Part  IV). 

Procedure  13. —  If  its  character  makes  fusion  with  Na^O^  ad- 
"^s^ble  (P.  8),  introduce  the  residue  insoluble  in  aqua  regia  (P.  7), 
?rra.ciually  if  a  violent  action  occurs,  into  a  nickel  crucible  in  which 
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5  gni.  NagOj  have  been  brought  to  a  state  of  fusion.  Heat  the  lower 
part  of  the  crucible  to  .dull  redness,  maintaining  a  temperature  suffi- 
cient to  keep  the  mass  fluid  for  from  5  to  20  minutes,  according  to 
the  readiness  with  which  the  residue  is  attacked.  After  cooling, 
place  the  crucible  on  its  side  in  a  covered  casserole,  add  50  ccm. 
cold  water,  and,  after  the  violent  effervescence  has  ceased,  warm 
gently.  Rinse  out  the  crucible,  transfer  the  solution  and  residue  to 
a  flask,  and  add  gradually  HCl  (1.20)  until  the  black  residue  of 
Ni804.2H20  dissolves,  meanwhile  keeping  the  solution  cold.  If  com- 
plete solution  does  not  result,  decant  the  solution,  after  settling, 
from  the  residue,  boil  the  latter  with  HCI  (1.20),  and  unite  the  solu- 
tion and  any  residue  with  the  decanted  solution.  Transfer  the  mix- 
ture to  a  200  ccm.  distilling  flask,  having  its  side  arm  bent  down- 
wards and  dipping  into  10  ccm.  5  Jfe  NaOH  solution  ih  an  Erlenmeyer 
flask  surrounded  by  a  large  beaker  of  cold  water.  Close  the  flask 
with  a  cork  through  which  passes  a  straight  tube  reaching  to  the 
bottom.  Boil  the  solution  for  5-10  minutes,  taking  care  that  all  the 
distillate  condenses.  Replace  the  NaOH  solution  containing  the  dis- 
tillate by  a  fresh  portion  of  NaOH  solution,  and  distil  again  for 
5  minutes.     (Distillate,  P.  14;  residual  solution,  P.  15.) 

Notes, —  I.  Of  the  substances  possibly  present  in  a  dark-colored  or 
metallic  residue,  the  platinum  metals  and  their  alloys  are  most  difficultly 
attacked  by  Na^Oa.  They  should  therefore  be  rather  finely  powdered, 
which  is  usually  best  accomplished  by  pounding  the  substance  in  a  dia- 
mond steel  mortar.  It  is  not  necessary,  however,  to  resort  to  the  special 
methods  of  producing  an  extremely  fine  state  of  division,  like  fusion  with 
lead,  which  have  to  be  employed  when  other  methods  of  attack,  like 
heating  with  NaCl  and  Clj,  are  to  be  used.  Twenty  minutes'  fusion  is 
sufficient  with  500  mgm.  of  the  most  resistant  alloys. 

2.  As  the  nickel  crucible  is  much  attacked  by  the  flux,  the  fusion 
should  not  be  unduly  prolonged.  Silver  and  platinum  crucibles  are  also 
strongly  attacked,  and  have  no  advantage  in  this  respect,  while  they  have 
the  disadvantage  of  being  much  more  expensive. 

3*  The  flux  NajOa  can  now  be  obtained  commercially  in  a  fair  de- 
gree of  purity,  being  made  from  metallic  sodium ;  it  often  contains  some 
iron,  however.  Nevertheless,  to  determine  the  nature  and  approximate 
quantity  of  the  impurities  introduced  from  the  crucible  and  flux  into  the 
solution  to  be  analyzed,  a  blank  fusion  and  an  analysis  of  the  fused  mass 
should  be  made. 
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4.  Upon  treatment  of  the  fused  mass  with  water,  a  violent  evolution 
of  oxygen  occurs,  and  a  large  quantity  of  a  fine  black  precipitate  con- 
sisting of  Ni,04.2H.20  separates.  This  dissolves  completely  on  the  ad- 
dition of  HCl. 

5.  The  products  resulting  from  the  fusion  of  the  substances  (named 
in  P.  8,  N.  2)  possibly  present  in  the  residue,  and  treatment  of  the  fused 
mass  with  water,  are  as  follows :  chromite,  Fe^Og  and  Na.2Cr04 ;  carbon, 
NajCOs;  carborundum,  NaaCOg  and  NajSiOj;  molybdenite,  Na^MoO^ 
and  Na2S04;  Prussian  blue,  FejOs  and  NaaCOj;  ferrosilicon  or  ferro- 
chrome,  FeaOg  and  NaaSiOg  or  NajCrO*;  platinum,  ^NajO.PtaOg; 
iridium,  jcNaaO.IrOg ;  rhodium,  RhO,  (?);  osmium,  Na.20s05(?);  ruthe- 
nium, NaaRuOfi  (?).  All  of  these  products,  except  FejOg,  JcNaaO.RaOg, 
jcNajO.IrOg,  and  RhO^  dissolve  upon  treating  the  fused  mass  with 
water.  NagCrO*  imparts  to  the  solution  a  pure  yellow  color ;  NaaOsOg 
a  yellow-orange  color;  and  NagRuOs  a  dark  orange-red  color.  All  of 
the  products  insoluble  in  water  dissolve  on  the  addition  of  HCl  to  the 
solution  or  on  heating  the  residue  with  HCl  (1.20),  except  a  part  of  the 
Pt2Og.2H.2O  when  present  in  large  quantity.  The  Pt.2Og.2H2O  produced 
by  action  of  the  acid  on  .^cNaaO.PtjOg  forms  a  dense  yellow  powder, 
which  is  dissolved  only  slowly  by  hot  HCl  (1.20)  or  even  aqua  regia. 
^rNaaO.IrOg  dissolves  in  HCl  with  production  of  a  da,rk  blue  solution. 

6.  The  solution  must  be  kept  cold  during  the  neutralization,  since 
otherwise  osmium  may  be  lost  in  the  form  of  the  very  volatile  OSO4,  which 
is  formed  when  a  Na.20s05  solution  is  acidified.  The  solution  must  not 
"be  filtered  through  paper,  as  this  immediately  reduces  NaaRuOs  with  for- 
mation of  a  black  deposit. 

7.  The  OSO4  (osmium  tetroxide)  set  free  when  the  Na^Oa  solution  is 
acidified  distils  over  with  great  readiness  (usually  within  two  or  three 
minutes),  since  in  the  pure  state  it  boils  not  far  from  100°  and  since  it 
<iissolves  in  water  apparently  without  change.  The  vapor  has  an  odor 
somewhat  similar  to  that  of  chlorine,  and  is  extremely  irritating  to  the 
<yes  and  nose.  The  distillate  assumes  a  yellow  color  when  a  little  os- 
mium; a  dark  orange  color,  when  much  osmium  is  present. 

8.  Although  a  similar  volatile  oxide  of  ruthenium  (RUO4)  exists,  it  is 
I30t  formed  when  the  Na202  solution  is  heated  with  HCl ;  on  the  con- 
"trary,  the  Na2Ru06  present  is  reduced  with  formation  of  RuClg.  Con- 
sequently no  ruthenium  distils  over. 

9.  If  osmium  were  present  in  the  original  substance  in  the  form  of 
one  of  its  salts,  it  would  be  completely  volatilized  in  the  first  treatment 
"^th  HNOg  (P.  i)  or  in  the  subsequent  evaporation  (P.  2  or  3) ;  for  all 
soluble  osmium  compounds  yield  OSO4  when  boiled  with  HNOg.  There- 
fore, if  its  presence  in  such  a  form  be  thought  possible,  the  first  treat- 
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ment  of  the  substance  with  HNOs  (1.20)  should  be  carried  out,  as  indi- 
cated in  P.  I,  in  a  distilling  flask,  the  liquid  boiled  for  2  or  3  minutes, 
and  the  distillate  collected  as  in  this  procedure  and  tested  by  P.  14. 
As  osmium  is  in  practice  very  rarely  met  with  except  in  the  metallic 
form,  it  is,  as  a  general  rule,  unnecessary  to  complicate  in  this  way  the 
procedure  for  the  preparation  of  the  solution. 

10.  Since  metallic  osmium,  both  in  the  pure  state  and  alloyed  with 
iridium  or  other  platinum  metal,  is  scarcely  attacked  by  aqua  regia,  un- 
less it  has  been  brought  to  an  extremely  fine  state  of  division  by  a  chem- 
ical method,  there  is  little  danger  of  completely  dissolving  and  volatiliz- 
ing it  in  the  treatment  with  that  solvent  in  P.  7.  Still,  if  it  is  desired  to 
determine  with  certainty  the  presence  or  absence  of  a  small  quantity  of 
osmium,  it  is  best  either  to  heat  the  residue  undissolved  by  HNOg,  HF, 
and  HCl  with  the  aqua  regia  in  a  distilling  flask  and  to  collect  and  test 
the  distillate  as  in  P.  13  and  14,  or  to  fuse  the  residue  with  Na^Oa  (as  in 
P.  13)  without  treating  it  with  aqua  regia  at  all. 

Procedure  14.  —  Add  to  the  distillate  (P.  13)  4-5  drops  20^ 
Na^SjOg  solution,  acidify  with  HCl  (1.12),  keeping  the  liquid  cool, 
and  add  to  the  solution  one-fifth  its  volume  of  HCl  (i.  12).  (Precip- 
itate and  solution,  reject.) 

Note. —  I.  OsS-a  separates  as  a  brownish-black  precipitate.  The 
test  is  obtained  when  only  0.5  mgm.  Os  is  present  in  the  solution  sub- 
mitted to  distillation.  It  is  the  volatility  of  the  osmium  and  its  presence 
in  the  distillate  that  is  especially  characteristic  —  not  the  fact  of  its 
precipitating  with  Na^SaOs ;  for  if  they  could  be  present  in  the  distillate, 
other  elements,  for  example,  ruthenium,  would  give  a  similar  precipitate. 

Procedure  15.  —  Evaporate  the  residual  solution  from  the  dis- 
tillation (P.  13)  to  dryness,  and  heat  the  dry  mass  at  120°  for  an 
hour.  Then  heat  it  to  boiling  with  20  com.  HCl  (1.02).  Filter, 
and  wash  the  undissolved  residue.     (Residue,  P.  16;  solution,  P.  71.) 

Note.  —  I.  The  solution  is  evaporated  and  the  salt  mass  heated  at 
120°,  so  as  to  make  insoluble  the  H^SiO,  and  H2WO4  that  may  be 
present.  PtOg  may  also  be  present  in  the  residue  undissolved  by  the 
HCl  (1.02);  see  P.  13,  N.  5. 

Procedure  16. —  Treat  the  residue  (P.  15)  just  as  described  in 
P.   6.     (Solution   in   HF,   P.    31.)     Add   any   residue   undissolved   by 
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HF  to  the  HCl  solution  (P.  15),  and  treat  the  mixture  by  P.  71, 
allowing  the  cold  solution  saturated  with  HgS  to  stand  an  hour  or 
more  before  filtering. 

Notes,  —  I.  Of  the  elements  of  the  tungsten  and  niobium  groups, 
only  tungsten  and  titanium  are  at  all  likely  to  be  present  in  this  HF 
solution;  for  tin  and  antimony,  even  if  present  in  the  fused  residue, 
would  dissolve  on  treating  the  dehydrated  residue  with  HCl  (P.  15), 
and  niobium  and  tantalum  are  not  met  with  at  all  in  alloys  nor  in  com- 
*  pounds  insoluble  in  HF.  Hence,  the  procedure  given  for  those  groups 
may  be  shortened  in  its  application  to  this  HF  solution,  by  the  omission 
of  those  operations  which  serve  only  to  remove  and  detect  the  elements 
almost  certainly  absent;  or  this  HF  solution  may  be  united  with  the  first 
HF  solution  obtained  when  the  original  dehydrated  residue  was  treated 
with  HF  (P.  6). 

2,  The  residue  insoluble  in  HF,  if  of  a  yellow  color,  may  consist  of 
PtaOa.  It  is  added  to  the  solution  about  to  be  precipitated  with  H2S, 
because  the  reagent  converts  the  PtaOs  into  PtaSg,  which  dissolves  when 
the  H2S  precipitate  is  subsequently  treated  with  aqua  regia. 

Procedure  17.  —  Evaporate  the  mixed  HCl  and  aqua  regia  solu- 
tions of  the  residue  insoluble  in  HNOg  and  HF  (P.  7)  just  to  dry- 
ness. Heat  the  residue  to  boiling  with' 10  ccm.  HCl  (1.02),  cool, 
and  after  2-3  minutes  filter.  Wash  the  undissolved  residue  thor- 
oughly with  as  little  HCl  (1.02)  as  possible,  adding  the  washings  to 
the  filtrate.     (Precipitate,  P.  18;  filtrate,  P.  71.) 

Note. —  I.  The  residue  undissolved  by  the  HCl  (1.02)  may  consist 
of  AgCl,  PbCla,  PbSO*,  BaSO*,  and  SrSO*,  which,  though  soluble  in  hot 
concentrated  HCl,  are  only  slightly  dissolved  by  a  small  quantity  of  cold 
HCl  (1.02).  The  solution  may  contain  the  other  substances  named  in 
P.  7,  N.  I  and  2,  especially  lead,  manganese,  mercury,  gold,  and  the 
platinum  metals.  It  is  therefore  united  with  the  main  solution  and  sub- 
mitted to  the  regular  scheme  of  analysis,  beginning  with  the  HjS  pre- 
cipitation (P.  71). 

Procedure  18.  —  Pour  repeatedly  through  the  filter  containing 
the  residue  insoluble  in  dilute  HCl  (P.  17)  a  10-15  ccm.  portion  of 
cold  NH4OH  (0.90).  Filter  and  wash  the  residue  with  NH^OH 
(0.96).  (Residue,  P.  19.)  Acidify  the  filtrate  with  HNO3.  (Precip- 
itate and  solution,  reject.) 
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Note. —  I.  The  residue  is  treated  with  NH4OH  to  extract  any 
AgCl  present.  Cold  NH4OH  is  used,  since  PbS04  is  somewhat  soluble 
in  hot  NH4OH.  The  filtrate  is  acidified  to  determine  whether  any  silver 
is  present.  The  AgCl  dissolves  in  the  NH4OH,  owing  to  the  formation 
of  a  salt  with  a  complex  cathion,  Ag(NH8)a*Cr. 

Procedure  19.  —  Pour  repeatedly  through  the  filter  containing 
the  residue  undissolved  by  the  NH^OH  (P.  18)  a  10-20  ccm.  portion 
of  hot  25^  NH^CaHgO^  solution  to  virhich  556  NH^OH  have  been 
added.  Filter  and  wash  the  residue  with  the  NH^CgHgOg  solution 
until  it  is  free  from  lead.  (Residue,  P.  20.)  Acidify  the  filtrate 
with  HC2H3O2,  and  add  a  few  drops  of  a  lojfc  K3Cr04  solution. 
(Precipitate  and  solution,  reject.) 

Note, —  I.  The  residue  is  treated  with  NH4C.2H,0.j  to  extract  any 
PbS04  or  PbO^Ha  present.  Even  500  mgm.  Pb  as  PbS04  dissolve 
in  15  ccm.  boiling  NH4CaH80a  solution.  BaS04  is  not  appreciably 
soluble.  A  small  quantity  of  SrS04  dissolves,  but  this  does  not  pre- 
cipitate with  KaCr04  in  the  confirmatory  test  for  lead.  Even  if  all  the 
SrS04  present  in  the  residue  passes  into  the  NH4OH  solution,  there  is 
no  danger  of  failing  to  detect  strontium  as  a  constituent  of  the  original 
substance;  for  SrS04  is  so  soluble  in  dilute  HNO,  (P.  5)  and  dilute' 
HCl  (P.  17)  that  a  considerable  quantity  of  it  will  be  found  in  the  main 
solution;  thus  10  ccm.  of  cold  HCl  (1.04)  or  of  cold  HNOg  (1.032)  sat- 
urated with  SrS04  contain  about  10  mgm.  Sr. 

Procedure  20.  —  Unite  the  residue  insoluble  in  NH^CjHgOg  so- 
lution (P.  19)  with  the  residue  from  the  K2S.2O7  fusion  (P.  12)  after 
its  treatment  with  HF.  Transfer  these,  with  the  filters  if  necessary, 
to  a  casserole,  add  10  ccm.  saturated  NajCOg  solution,  and  boil 
gently  for  10  minutes,  replacing  the  vsrater  which  evaporates.  Dilute 
with  an  equal  volume  of  water,  and  filter.  (Filtrate,  reject.)  Wash 
the  residue  thoroughly,  and  pour  repeatedly  through  the  filter  con- 
taining it  a  10  ccm.  portion  of  hot  HCl  (1.02).     (Solution,  P.  71.) 

Notes, —  I.  Even  500  mgm.  Sr  as  SrS04  are  completely  converted 
to  SrCOg  by  this  procedure.  An  equal  quantity  of  BaSO*  would  require 
boiling  with  two  or  three  successive  portions  of  Na^COg- solution,  but 
as  the  quantity  of  BaS04  that  can  be  present  in  this  residue  cannot  be 
very  large,  owing  to  its  rather  small  solubility  in  HCl  (1.20)  (see  P.  7, 
N.  i),  a  single  boiling  suffices. 
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2.  The  Mass- Action  Law  requires  that  the  difficultly  soluble  sulphate 
be  transformed  into  carbonate  until  the  ratio  iS^soJ^zo^  of  the  concen- 
trations of  the  SO4  and  COa  ions  in  the  solution  becomes  equal  to  the 
ratio  (SPMsoySPMcoa)  of  the  solubility-products  of  the  sulphate  and 
carbonate  in  pure  water.  Now  since  the  second  ratio,  according  to 
recent  solubility  determinations,  has  (at  18°)  a  value  larger  than  6q  in 
the  case  of  the  two  strontium  salts,  a  very  large  amount  of  SrS04  would 
have  to  be  transformed  to  Na.2S04  before  the  ratio  CsoyCco,  attained 
this  value.  On  the  other  hand,  in  the  case  of  the  two  barium  salts,  the 
second  ratio  has  apparently  the  value  0.25  (since  it  is  found  that  the 
conversion  ceases  when  CSO4/CCO8  =  0-25),  so  that  after  a  certain  amount 
of  BaS04  bas  been  transformed,  the  reactio.n  ceases.  Aside  from  this 
great  difference  in  the  equilibrium-ratios,  the  rate  of  transformation  is 
doubtless  much  less  in  the  case  of  the  BaS04,  owing  to  its  very  slight 
solubility.     It  is  to  increase  this  that  the  solution  is  boiled. 

Confirmatory  Experiments  and  References. 

P.  I,  N.  4.  —  The  following  minerals  or  products  left  a  large  residue  when 
one  gram  was  treated  with  HNOg  (1.20)  as  above  described:  Galenite  (PbS), 
emery  (AI2O8),  chromite  (FeCr.204),  zircon  (ZrSi04),  pyrolusite  (MnOi),  lead 
dioxide  (PbOa),  cinnabar  (HgS),  fluorite  (CaFj),  fused  silver  chloride  (AgCl), 
and  Prussian  blue  (Fe4(FeCeNe)8).  One  gram  of  fused  PbCr04  dissolved  on 
three  successive  digestions  with  20  ccm.  HNOg  (1.20).  One  gram  of  precip- 
itated CaS04  dissolved  upon  one  treatment  with  10  ccm.  HNOs  (1.20),  after 
diluting  with  20  ccm.  water,  and  remained  in  solution  upon  cooling. 

P.  3,  N.  I.  —  In  several  experiments  500  mgm.  Pb  as  Pb(N08)a  were 
treated  with  5  ccm.  commercial  HF  containing  some  H2SO4.  The  mixture 
was  then  treated  according  to  P.  3  and  P.  5.  A  residue  consisting  of  PbS04 
always  remained,  as  was  proved  by  decomposing  it  with  NajCOg  and  testing 
for  its  constituents. 

3  ccm.  pure  43%  HF  solution  were  mixed  with  10  ccm.  HCl  (1.03) 
in  one  experiment  and  with  20  ccm.  HCl  (1.02)  in  another;  then  i  ccm.  10% 
BaCla.2H20  solution  was  added;  no  precipitate  (of  BaF.2)  separated  even  on 
standing  10  minutes.  One  drop  (0.04  ccm.)  H^SO*  (1.20)  was  then  added: 
a  precipitate  formed  immediately. 

P.  3,  N.  3.  —  To  5  ccm.  portions  of  43%  HF  solution  i%  solutions  of 
various  elements  were  gradually  added  until  a  permanent  precipitate  was 
produced,  waiting  2  or  3  minutes  after  the  addition  of  each  half  milli- 
gram or  milligram.  The  number  of  milligrams  that  had  to  be  added  were  as 
follows:  Li,  5  ;  Mg,  2  ;  Ca,  0.5  ;  Sr,  8 ;  Ba,  30 ;  Pb,  0.5  ;  Bi,  0.5  ;  Th,  0.5  ; 
Ce,  0.5  ;  Pr,  0.5  ;  Nd,  0.5  ;  La,  0.5  ;  Y,  0.5  ;  and  Er,  0.5. 
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P.  3,  N.  4.  —  2  mgm.  Ta  as  Ta^Os  were  heated  for  15  minutes  on  the 
water-bath  with  5  ccm.  43%  HF  solution,  and  the  solution  was  then  evapo- 
rated to  complete  dryness,  in  one  experiment  twice  with  the  addition  of  2  ccm. 
HNOs  (1-42),  and  in  another,  once  without  this  addition.  The  residues 
were  then  tested  for  tantalum  by  the  KHF2  test  as  described  in  Part  II.  In 
the  experiment  in  which  the  HNOg  was  added,  a  satisfactory  test  was  ob- 
tained ;  in  the  other  experiment,  no  test  whatever  was  obtained,  showings  that 
the  2  mgm.  Ta  were  completely  volatilized  in  the  latter  case,  i  mgm.  Ti 
as  H2Ti08  was  dissolved  in  5  ccm.  HF,  and  the  solution  was  then  evaporated 
to  complete  dryness,  in  one  case  twice  with  the  addition  of  2  ccm.  HNOs 
(1.42),  in  another  once  without  that  addition.  The  residues  were  treated 
with  20  ccm.  H2O2  and  2  ccm.  HCl.  No  color  was  obtained  in  the  former 
experiment ;  a  color  corresponding  to  at  least  0.5  mgm.  in  the  latter. 

A  mixture  of  i  mgm.  Se,  i  mgm.  As,  i  mgm.  Hg,  and  i  mgm.  Sb  was 
evaporated  to  dryness  with  HNOs  and  treated  according  to  P.  3  (without  the 
addition  of  SiO^)  and  subsequent  procedures  until  the  final  tests  for  these 
four  elements  were  reached.  Very  satisfactory  tests  for  all  of  them  were  ob- 
tained, showing  they  were  not  volatilized  in  the  HF  evaporation. 

About  40  mgm.  Ge02,  made  by  heating  the  metal  with  HNOg  (1.20)  till  it 
was  dissolved,  evaporating  the  solution  to  dryness,  and  heating  the  residue  at 
120°  in  a  platinum  dish  to  a  constant  weight,  were  treated  with  5  ccm.  HF 
and  5  ccm.  HNOs  (1.42);  the  solution  was  then  evaporated  to  dryness  and 
the  residue  heated  to  120°  and  weighed:  the  change  in  weight  was  only 
o.i  mgm. 

P.  3,  N.  5. — 100  mgm.  Ta  as  TajOg  were  dissolved  in  5  ccm.  HF  and 
evaporated  to  dryness  three  times  with  3  ccm.  HNOs  (1.42) ;  the  residue 
was  than  boiled  with  15  ccm.  HNOs  (i-os)  ^or  i  minute:  the  solution  after 
filtration,  neutralization  with  NH4OH,  and  addition  of  HC2HSO2  and  CaCU 
gave  no  precipitate,  showing  the  absence  of  HF. 

The  same  experiment  was  repeated  with  100  mgm.  Nb  as  Nb^Os  and 
with  100  mgm.  Ti  as  H2TiOs  with  just  the  same  result. 

P.  3,  N.  6.  —  50  mgm  Ca  as  Ca(N08)s  were  digested  on  a  water-bath  15 
minutes  with  5  ccm.  HF;  5  ccm.  HNO;,  (1-42)  were  added,  and  the  solution 
was  evaporated  to  complete  dryness ;  the  residue  was  covered  with  HNOs 
(1.42)  and  this  was  evaporated  off;  10  ccm.  HNOs  (i-os)  were  then  added; 
and  the  solution  was  made  alkaline  with  NH4OH  :  only  a  very  slight  turbidity 
resulted. 

The  same  experiment  was  repeated  several  times  with  200  and  500  mgm. 
Ca :  in  every  case,  a  residue  remained  or  a  milky  colloidal  solution  resulted 
upon  treatment  with  HNOs  (los)- 

500  mgm.  Pb  as  Pb(N08)2  and  500  mgm.  Bi  as  Bi(N08)s  were  treated  in 
separate  experiments,  in  the  manner  just  described :  a  perfectly  clear  solution 
was  produced  on  adding  the  10  ccm.  HXO3  (1.05). 
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A  mixture  of  250  mgm.  Mg,  250  mgm.  Ba,  250  mgm.  Sr,  and  250  mgm. 
Li  was  treated  in  the  same  manner ;  a  perfectly  clear  solution  resulted  on  the 
addition  of  the  HNOg  (1.05),  and  this  gave  no  precipitate  on  neutralizing 
with  NH4OH  and  adding  HCaH^Oi  and  CaCla. 

P.  3,  N.  7.  —  In  regard  to  the  solubility  in  HF  of  the  oxides  of  the  tung- 
sten and  niobium  groups,  see  C.  K  on  P.  6,  N,  i. 

P.  3,  N.  8.  —  500  mgm.  Ca,  as  Ca(N0s)2,  were  treated  according  to  P.  3 
with  addition  of  SiOg,  and  then  by  P.  5  and  6 :  no  residue  whatever  remained 
after  the  final  treatment  with  HF.  This  experiment  was  repeated  many  times 
with  the  same  result. 

250  mgm.  Y,  250  mgm.  Ce,  500  mgm.  Nd,  a  mixture  of  50  tngm.  Er  and 
50  mgm.  Y,  and  a  mixture  of  500  mgm.  Nd  and  500  mgm.  La  (all  as  nitrates) 
were  treated  in  separate  experiments  according  to  P.  3,  5,  and  6:  in  all  of 
these  cases  there  was  no  residue'  or  only  a  very  small  one  (of  2-3  mgm.)  after 
the  final  treatment  with  HF. 

Portions  of  250  mgm.  Th,  and  of  50  mgm.  Th,  as  Th(N08)4,  were  treated 
according  to  P.  3,  5,  and  6 :  on  treatment  with  HF  a  dense  crystalline  residue 
estimated  at  one-tenth  the  original  amount  remained.  This  experiment  was 
repeated  many  times  with  the  same  result. 

P.  3,  N.  II. — 100  mgm.  Ta,  as  TaaOg,  were  dissolved  in  5  ccm.  HF  and 
evaporated  to  dr3mess  three  times  with  3  ccm.  HNOg  (1.42);  the  residue  was 
then  boiled  with  15  ccm.  HNOg  (1.05)  for  i  minute:  after  filtration  the 
solution  gave  a  heavy  precipitate  with  NH4OH.  The  experiment  was  re- 
peated with  the  modification  that  the  residue  was  heated  at  120°  for  70  min- 
utes after  the  three  evaporations;  the  HNOg  (1.05)  solution  then  gave  no 
precipitate  whatever  with  NH4OH.  This  shows  that  dehydration  is  neces- 
sary and  sufficient  to  make  the  Ta^O^  insoluble. 

The  same  experiment  was  twice  made  with  500  mgm.  Sn:  the  HNOg 
solution  of  the  residue  which  was  not  dehydrated  gave  a  large  precipitate 
with  NH4OH,  and  with  HjS  (after  evaporation  with  HCl). 

P.  5,  N.  I.  —  A  series  of  experiments  was  made  in  which  solutions  of 
various  elements  were  evaporated  to  dryness  with  HNOg,  and  the  residues 
were  heated  in  a  hot  closet  for  one  hour,  and  then  boiled  gently  with  5  ccm. 
HNOg  (1.20)  for  5  minutes;  the  solutions  thus  obtained  were  diluted  with 
15  ccm.  water,  heated  to  boiling,  filtered,  and  evaporated  to  dryness  in  cruci- 
bles, which  were  then  gently  ignited  and  weighed.  It  was  found  in  this  way 
that  from  a  residue  of  30  mgm.  Sn,  as  HjSnOg,  only  0.3  mgm.  dissolved; 
fro:n  one  of  70  mgm.  W,  as  H.2WO4,  only  i.i  mgm.  dissolved,  which  was 
proved  to  be  not  tungsten,  but  some  impurity,  by  its  complete  insolubility  in 
NH4OH;  from  a  residue  of  56  mgm»  Ta,  as  TaOsHg,  only  0.4  mgm.  dis- 
solved; from  one  of  100  mgm.  Nb  a  few  milligrams  dissolved,  but  on  adding 
NH4OH  to  the  solution  a  precipitate  formed  which  dissolved  completely  in 
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dilute  HCl,  proving  that  no  niobium  dissolved  in  the  HNOg ;  from  a  residue 
of  2  2  mgm.  Sb,  as  SbjOg,  i  mgm.  Sb  dissolved  on  the  first  treatment  with 
HNOs,  and  0.9  mgm.  on  each  of  the  two  following  treatments ;  and  from  a 
residue  of  85  mgm.  Ti,  as  HiTiOj,  .8  mgm.  dissolved. 

750  mgm.  metallic  Sn  were  treated  with  HNO,  (1.42),  the  acid  was  evap- 
orated off,  and  the  residue  heated  at  120°  for  an  hour.  The  residue  was 
then  heated  for  ten  minutes  with  5  ccm.  HNOs  (1.20),  20  ccm.  water  added, 
the  solution  heated  to  boiling,  and  filtered.  The  filtrate  was  evaporated  with. 
HCl,  and  tested  for  tin  by  means  of  the  HgCl^  test.  No  tin  was  found  to 
be  present. 

A  mixture  of  i  mgm.  Ti,  i  mgm.  Ta,  i  mgm.  Nb,  i  mgm.  W,  i  mgm.  Sn, 
and  I  mgm.  Sb  was  treated  according  to  P.  3,  5,  and  6,  and  the  subsequent 
procedures  (Part  II)  for  the  analysis  of  the  tungsten  and  niobium  groups. 
Distinct  tests  were  obtained  for  all  the  elements  except  antimony,  showing 
that  their  oxides  remained  in  the  residue  insoluble  in  HNOg.  (See  also  T.  A., 
Part  II.) 

2  mgm.  Sb,  as  dehydrated  Sb205,  did  not  dissolve  in  5  ccm.  boiling 
HNO,  (1.20);  but  it  nearly  disappeared  upon  adding  20  ccm.  water  and 
boiling.  5  mgm.  Sb,  as  SbjOj,  treated  in  this  way  did  not  dissolve;  but 
almost  all  of  it  dissolved  upon  a  second  treatment.  10  mgm.  Sb  left  a  large 
residue  even  after  two  treatments. 

50  mgm.  W,  as  Na2W04,  and  150  mgm.  PO4,  as  Na2HP04,  were  evap- 
orated with  HNOa  and  heated  at  120°  for  two  hours;  upon  adding  HNOg 
(1.20),  and  diluting,  everything  dissolved. 

The  same  procedure  was  followed  with  a  mixture  of  5  mgm.  W,  as  Na^WO*, 
and  50  mgm.  As,  as  NbAsO*,  with  the  same  result. 

10  mgm.  W  were  precipitated  as  H.2WO4  out  of  a  Na3W04  solution  by 
boiling  with  HNOs,  and  to  the  mixture  i  ccm.  saturated  HaC4H40fl  solution 
was  added  :  the  precipitate  immediately  dissolved. 

50  mgm.  Sb,  as  Sb-jOs,  after  dehydration  at  120°  were  treated  in  one  ex- 
periment with  10  ccm.  half-saturated  citric  acid  solution,  and  in  another  exper- 
iment with  10  ccm.  of  a  mixture  of  commercial  lactic  acid  with  its  own  vol- 
ume of  water ;  upon  warming,  the  residue  dissolved. . 

To  I  mgm.  W,  i  mgm.  Nb,  i  mgm.  Ta,  i  mgm.  Sn,  20  mgm.  Sb  (in  sep- 
arate experiments)  in  solution  in  3-5  ccm.  HF,  250  mgm.  HgBOg  and  5  ccm. 
HNOs  (1.42)  were  added.  The  solution  was  evaporated  to  dryness,  and  the 
residue  treated  with  HNOs  (i-2o),  which  was  then  diluted  with  water.  In 
each  case,  a  small  residue  of  the  metallic  oxide  remained,  and  this  did  not  go 
into  solution  on  the  addition  of  500  mgm.  more  HgBOs. 

To  I  gram  HgBOg,  5  ccm.  HF  and  5  ccm.  HNOg  (1.42)  were  added,  and 
the  solution  was  evaporated  to  dryness  on  a  water-bath ;  no  residue  was  left. 

A  mixture  of  500  mgm.  Ti,  as  TiOj,  and  500  mgm.  Zr,  as  Zr(NOj)4,  was 
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dissolved  in  HF  and  evaporated  to  complete  dryness  four  times.  It  was  then 
heated  at  120"^  for  two  hours.  The  residue  was  treated  twice  with  HNOg  and 
water  according  to  the  procedure.  On  the  second  treatment  it  went  almost 
entirely  into  solution,  showing  that  zirconium  causes  even  large  quantities  of 
titanium  to  dissolve. 

P.  5,  N.  3.  —  500  mgm.  Mo,  as  MoOg,  were  dissolved  in  HF,  and  following 
P.  3,  the  solution  was  evaporated  three  times  with  HNOg  (1.42)  and  heated 
at  120°  for  an  hour.  The  residue  was  twice  heated  with. 5  ccm.  HNOg  (1.20), 
which  was  afterwards  diluted  with  20  ccm.  water.  After  the  two  treatments 
about  one-third  of  the  molybdenum  remained  undissolved.  . 

The  experiment  was  repeated  with  100  mgm.  Mo.  A  fairly  large  residue 
remained  after  the  first  treatment  of  the  dehydrated  residue  with  HNOg,  but 
only  a  very  small  one  (2-3  mgm.)  after  the  second  treatment. 

In  regard  to  Mo  in  presence  of  W  or  Sn,  see  T.  A.,  Part  II. 

A  mixture  of  200  mgm.  metallic  Sb  and  50  mgm.  Bi,  as  Bi(N08)8,  was 
treated  with  HNOg  (1.20),  evaporated  to  dryness,  and  heated  at  120°.  The 
residue  was  heated  10  minutes  with  5  ccm.  HNOg  (1.20),  20  ccm.  water  were 
added,  and  the  mixture  was  heated  to  boiling  and  filtered.  The  residue  was 
washed  thoroughly  with  hot  water  and  dissolved  in  HCl  (1.20).  To  the  so- 
lution NH4OH  and  (NH4).2S  were  added.     Complete  solution  took  place. 

The  experiment  was  repeated  with  a  mucture  of  500  mgm.  Sb  and  500 
mgm.  Bi.  Even  though  the  dehydrated  residue  was  twice  treated  with  HNOg, 
and  thoroughly  washed  with  HNOg  (1.05),  a  large  black  precipitate  of  Bi2Sg 
remained  after  adding  NH4OH  and  (NH4).2S  to  the  HCl  solution'  of  the 
HNOg  residue. 

A  mixture  of  50  mgm.  Se,  as  SeOe,  and  200  mgm.  Sb,  as  SbClg,  was  evapo- 
rated three  .times  with  HNOg  and  the  residue  heated  at  120°.  It  was  then 
treated  with  HNOg  and  water  in  the  usual  manner,  and  thoroughly  washed 
with  water.  The  undissolved  residue  was  treated  with  HF,  HCl,  and  HiSOg. 
The  black  precipitate  which  separated  was  boiled  with  HNOg,  the  solution 
distilled  with  HBr,  and  the  distillate  treated  with  H^SOg.  A  red  precipitate 
of  Se,  amounting  to  perhaps  5  mgm.,  separated. 

In  regard  to  ThF4,  see  C.  E.  on  P.  3,  N.  8. 

GeOi  was  made  by  heating  the  metal  with  HNOg  (1.42),  evaporating  with 
HF  and  then  with  HNOg,  and  dehydrating  at  120°;  the  residue,  which  then 
weighed  no  mgm.,  was  boiled  i  minute  with  5  ccm.  HNOg  (1.20),  then 
20  ccm.  water  were  added,  the  mixture  was  boiled  again  and  filtered,  and  the 
filtrate  was  evaporated  and  the  residue  heated  at  120°  and  weighed ;  it  weighed 
89  mgm,  showing  that  21  mgm.  had  dissolved.  This  residue  of  89  mgm. 
was  then  treated  again  in  the  same  manner ;  this  time  28.5  mgm.  dissolved. 

50  mgm.  Se,  as  SeO^,  and  200  mgm.  metallic  Sn  were  treated  in  the  same 
manner,  except  that  the  residue  insoluble  in  HNOg  was  dissolved  in  HBr,  the 


124  A.  A.  Noyes:  System  of  Qualitative  Analysis, 

solution  distilled  and  the  distillate  treated  with  HsSOs  and  KI ;  a  large  red 
precipitate  of  Se  (of  perhaps  lo  mgm.)  was  obtained. 

50  mgm.  Te,  as  TeOa,  with  200  mgm.  metallic  Sn  in  one  experiment  and 
with  200  mgm.  Sb,  as  SbClg,  in  another,  were  treated  in  the  same  manner, 
except  that  the  residue  insoluble  in  HNOs  was  dissolved  in  HF,  the  solution 
evaporated  with  HCl  and  treated  with  HjSO, ;  a  large  black  precipitate  of  Te 
formed  in  each  case. 

In  regard  to  Se  and  Te  in  presence  of  elements  of  the  tungsten  and 
niobium  groups,  see  also  T.  A.,  Part  II. 

50  mgm.  Zr,  as  Zr(NOg)4,  with  600  mgm.  PO4,  as  NaaHP04,  in  one  experi- 
ment and  with  800  mgm.  As,  as  AssOg,  in  another,  were  evaporated  with  HNO» 
and  the  residue  heated  at  120°.  On  treatment  with  HNOs  (1.20)  and  dilu- 
tion, a  large  residue  remained  and  the  solution  gave  a  large  precipitate  with 
NH4OH,  showing  that  the  zirconium  divided  itself  between  the  two. 

The  experiment  was  repeated  with  a  mixture  of  500  mgm.  Zr  and  50  mgm. 
As :  scarcely  any  residue  remained  after  the  treatment  with  HNOg. 

The  last  experiment  was  repeated,  substituting  500  mgm.  Ti  dissolved  in 
HF  for  the  500  mgm.  Zr.  The  HNOg  extract  of  the  residue,  after  evapora- 
tion with  I  ccm.  H2SO4,  gave,  upon  addition  of  one*^fth  its  volume  of  HCl 
(1.12)  and  saturation  for  one  hour  at  the  boiling  temperature,  a  considerable 
precipitate  of  As^Ss.  The  residue  after  similar  treatment  also  yielded  a 
precipitate  of  As.jSs  which  was  somewhat  smaller  than  that  obtained  from  the 
solution,  showing  that  arsenic  divides  itself  between  the  residue  and  solution 
when  titanium  is  present.  > 

250  mgm.  Th,  as  Th(N0g)4,  and  250  mgm.  PO4,  as  NaaHPO*,  were  evapo- 
rated with  HNOs  and  heated  at  120*^  for  two  hours.  On  heating  on  a  water- 
bath  with  10  ccm.  HNO3  (1.20),  everything  dissolved  except  a  few  hard 
particles.  On  adding  20  ccm.  cold  water  a  large  flocculent  precipitate  formed, 
and  upon  then  heating  on  the  steam-bath  the  solution  gelatinized. 

50  mgm.  V  (as  (NH4)8V04)  and  500  mgm.  Sn  (as  SnCU)  were  evaporated 
repeatedly  with  HNOg,  and  the  residue  was  heated  at  120°  and  then  treated 
with  HNOs  (1.20).  A  bright  yellow  residue  remained,  which  upon  treatment 
with  HCl  (1.20)  yielded  a  blue-green  solution;  and  the  HNOs  solution  was  of 
a  brown  color ;  thus  showing  that  the  vanadium  was  divided. 

P.  s,  N.  4.  —  See  C.  K  on  P.  3,  N.  3,  and  T.  A.,  Part  II. 

P.  5,  N.  5.  —  500  mgm.  Zr,  Th,  Te,  Bi,  Al,  Cr,  Pb  and  75  mgm.  Ga,  as 
nitrates,  were,  in  separate  experiments,  evaporated  to  dryness  with  HNOs,  and 
the  residue  heated  for  an  hour  at  120°;  this  was  then  heated  with  5  ccm. 
HNOs  (1.20)  and  finally  with  20  ccm.  water:  everything  dissolved  in  this 
single  treatment ;  the  gallium  did  not  do  so,  however,  until  the  20  ccm.  water 
were  added.  The  experiment  was  repeated  with  500  mgm.  V,  as  (NH4)sV04, 
dissolved  in  HF,  and  with  500  mgm.  Fe,  as  FeCls :  two  treatments  of  the 
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dehydrated  residue  with  HNOs  and  water  were  necessary  and  sufficient  to 
produce  complete  solution. 

A  mixture  of  500  mgm.  Ti,  as  TiOa,  and  500  mgm.  Zr,  as  Zr(N08)4i  was 
dissolved  in  HCl,  and  the  mixture  evaporated  three  times  with  the  addition 
of  HNOj  (1.42),  and  then  heated  at  120°  for  two  hours.  The  residue  was 
treated  twice  according  to  the  procedure  with  HNOs  (1.20)  and  water,  and 
the  residue  still  remaining  was  dissolved  in  HF,  the  solution  evaporated 
with  I  ccm.  H2SO4  (1.84),  and  then  diluted  with  100  ccm.  HaOa,  and  i  ccm. 
NaaHP04  was  added.  No  precipitate  of  Zr8(P04)4  separated  on  20  min- 
utes' standing. 

A  mixture  of  50  mgm.  each  of  Al,  Ni,  V,  Cr,  Be,  and  Zr  was  treated 
in  the  manner  just  described:  ever3rthing  dissolved  on  the  first  treatment 
with  HNOs. 

The  C.  E.  on  P.  3,  N.  8,  made  with  the  rare-earth  elements  other  than 
thorium,  show  that  even  large  quantities  of  these  dissolve  completely  upon 
the  treatment  with  the  HNO,. 

20  mgm.  Au,  as  AuCl,,  were  four  times  evaporated  with  a  little  HNOi 
(1.42)  and  then  heated  at  120°  for  two  hours.  On  heating  with  5  ccm. 
HNOg  (1.20),  all  but  2-3  mgm.,  consisting  of  a  metallic  powder,  dissolved. 

P.  6,  N.  I.  —  500  mgm.  Sn,  as  metal,  of  Sb,  as  metal,  of  W,  as  Na9W04,  of 
Ti,  as  TiOa,  of  Mo,  as  MoOg,  of  Te,  as  TeO^,  and  30  mgm.  Ge,  as  GeO„  were 
treated  in  separate  experiments  with  HNOs,  the  liquid  evaporated  off,  the 
residue  heated  at  120°  for  an  hour  or  more  and  then  heated  on  a  steam-bath 
for  5  minutes  with  5-10  ccm.  HF:  a  clear  or  slightly  opalescent  solution  re- 
j  suited  in  every  case  except  that  of  tin.     20  ccm.  cold  water  were  then  added 

1  to  each  solution :  the  tin  solution  became  clear,  and  all  the  others  remained  so. 

To  5  ccm.  HF,  diluted  with  25  ccm.  cold  water,  a  1%  Bi  solution  was 
added,  i  mgm.  Bi  at  a  time,  until  a  permanent  precipitate  formed  :  6  mgm.  Bi 
were  required. 

To  a  HF  solution  of  500  mgm.  Sn,  as  SnOsH^,  400  mgm.  PO4,  as  Na^ 
HPO4,  were  added,  the  mixture  evaporated  to  dryness  three  times  with 
HNOa,  and  the  residue  heated  an  hour  at  120°;  then  it  was  heated  with 
5  ccm.  HF,  and  finally  20  ccm.  water  were  added :  a  large  residue  of  at  least 
100  mgm.  remained,  and  this  did  not  dissolve  on  a  second  treatment  with 
HF  and  water. 

See  also  C.  K  on  P.  6,  N.  3,  in  those  cases  where  the  minerals  contain 
the  elements  of  the  tungsten  and  niobium  groups. 

P.  6,  N.  2. —  One  gram  of  each  of  the  following  substances  was  treated 

\  according  to  P.  i,  3,  5,  and  6,  with  the  result  that  a  large  residue  was  teft  on 

\  the  final  treatment  with  HF :  galenite  (PbS),  cinnabar  (HgS),  molybdenite 

\  (M0S2),   pyrolusite   (MnO^),  lead  dioxide  (PbOa),  emery  (AljOs),  chromite 

(FeCrj04),  cassiterite  (SnOj),  rutile  (TiOa),  fused  silver  chloride  (AgCl),  cy- 
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anite  (AljSiO,),  tourmaline  (AI.2O8,  (Fe,  Mn,  Mg)0,  (K,  Xa,  Li)20,  B-^Oj, 
SiOi,  F),  beryl  (BesAlaSiftOig),  zircon  (ZrSiO*),  monazite  (  (Ca,  La,  Pr)i5- 
(PO,)ioTh.,P,0,). 

That  andalusite  and  cyanite  (Al2Si05)  and  tourmaline  are  not  decom- 
posed by  HF  is  stated  by  Jannasch  in  his  Geunchts analyse,  231,  233  (1897). 

P.  6,  N.  3.  —  One  gram  of  each  of  the  following  substances  in  the  form 
of  an  impalpable  powder  was  treated  according  to  P.  i,  3,  5  and  6,  with  the 
result  that  no  residue,  or  only  a  very  small  one  amounting  to  1-5  mgm.,  was 
left  on  the  final  treatment  with  HF :  magnetite  (Fes04),  menaccanite  (FeTiOg, 
FcjOs),  pyrite  (FeSj),  pyrrhotite  (Fe^Sg),  chalcopyrite  (CuFeSa),  stibnite 
(SbjSg),  niccolite  (NiAs),  fluorite  (CaFj),  cryolite  (NagAlFg),  gypsum  (CaS04), 
wollastonite  (CaSiO,),  tremolite  ((Ca,  Mg)Si08),  titanite  (CaTiSiOg),  ortho- 
clase  (KaAlaSigOig),  labradorite  ((Ca,  Naa)  AlaSigOio),  garnet  (  (Ca,  Mg,  Mn, 
Fe)8Al2Si80i2),  gadolinite  ((Y,  Ce,  Be,  Fe)8Si05),  scheelite  (CaWO*),  colum- 
bite  (Fe(Nb,  Ta).^),  samarskite  (  (Fe,  Y,  \0.^^  (Nb,  Ta)40i5),  and  the  rocks 
basalt,  obsidian,  amphibole,  and  lava. 

P.  7,  N.  I.  —  To  500  mgm.  Pb,  as  PbS04,  successive  portions  of  5  ccm. 
HCl  (1.20)  were  added,  the  solution  being  boiled  after  each  addition,  until  the 
solid  all  went  into  solution :  30  ccm.  sufficed  to  produce  this  result.  90  ccm. 
water  were  then  gradually  added,  keeping  the  solution  at  the  boiling  point : 
no  precipitate  was  produced.  800  mgm.  Pb,  as  PbOa,  dissolved  readily  in 
30  ccm.  HCl  (1.20)  and  remained  in  solution  on  .adding  90  ccm.  water. 

To  20  mgm.  BaS04  30  ccm.  HCl  (1.20)  were  added  and  the  liquid  boiled 
a  few  minutes :  complete  solution  resulted.  30  ccm.  water  were  added  to  the 
solution  kept  at  the  boiling  point :  no  precipitate  formed. 

The  same  experiment  was  repeated  with  100  mgm.  AgCl  with  the  same 
result. 

500  mgm.  fused  AgCl  in  the  form  of  shavings  were  boiled  for  3  or  4 
minutes  with  successive  30  ccm.  portions  of  HCl  (1.20) :  the  solid  all  dis- 
solved on  the  third  treatment  or  in  90  ccm.  HCl  (1.20). 

500  mgm.  Sn,  as  metal,  and  400  mgm.  PO4,  as  Na2HP04,  were  evaporated 
with  HN08-(i.42)  and  heated  at  120°;  the  residue  was  treated  twice  with 
HF  and  water,  as  described  in  P.  6,  and  the  large  residue  still  remaining 
(amounting  apparently  to  200  mgm.)  was  heated  on  a  steam-bath  for  10  min- 
utes with  15  ccm.  HCl  (1.20):  complete  solution  occurred. 

P.  7,  N.  3.  —  The  following  substances,  in  the  form  of  a  fine  powder, 
were  submitted,  if  non-metallic,  in  quantity  of  i  gm.  to  P.  i,  3,  5,  6,  and  7  ; 
if  metallic,  in  quantity  of  0.5  gm.  to  P.  4,  5,  6,  and  7,  with  the  result  that 
a  large  residue,  amounting  to  at  least  one-half  of  the  original  substance,  re- 
mained in  every  case :  molybdenite  (M0S.2),  emery  (AlaOg),  chromite  (FeCrj- 
O4),  cassiterite  (SnOi),  rutile  (TiOa),  thorium  fluoride  (ThF4),  Prussian  blue 
(Fe4(FeC6Ng)8),    cyanite   (AlaSiO^),    tourmaline,    zircon   (ZrSi04),    monazite 
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(mainly  Th8(P04)4),  metallic  rhodium  (Rh),  metallic  iridium  (Ir),  Ural  Mts. 
platinum  ore  (Pt,  Pd,  Os,  Ir),  Ural  Mts.  osmium-iridium  (Os,  Ir),  crude  ru- 
thenium (Ru),  ferrochrome  (Cr,  Fe),  ferrosilicon  (Fe  with  13%  Si). 

P.  8,  N.  I.  —  Barium  sulphate,  tourmaline,  cyanite,  and  allied  silicates 
are  analyzed  quantitatively  by  decomposition  with  NaaCOg.  See  Classen, 
Quantitative  Analysis,  Harriman's  translation,  p.  62,  204. 

330  mgm.  of  cyanite,  constituting  the  residue  left  after  treatment  of  i  gm. 
of  the  mineral  by  P.  i,  3,  5,  and  6,  were  fused  with  7  gm.  NaaC08.(this  large 
quantity  being  necessary  to  produce  a  fluid  fusion) ;  on  treatment  first  with 
hot  water,  and  then  with  HCl,-  everything  dissolvred. 

One  gram  of  each  of  the  following  substances  as  an  impalpable  powder 
was  treated  by  P.  i,  3,  5,  6,  and  7,  and  the  residue  was  fused  with  NaaCOj 
as  directed  in  P.  9 :  emery  (AUOs),  rutile  (TiOa),  cassiterite  (SnOa),  monazite 
(Th8(P04)4,  etc.),  and  zircon  (ZrSi04).  A  large  residue  was  left  upon  ex- 
tracting the  fusion  with  water  and  adding  HCl  to  the  residue  (P.  10,  ii). 

The  residues  undecomposed  by  NaaCOg,  obtained  in  the  preceding  ex- 
periment, were  fused  with  K2S2O7  by  P.  12  :  emery,  rutile,  zircon,  and  mona- 
zite went  completely  into  solution  on  adding  the  fusion  to  water,  or  upon 
treating  the  residue  with  H2SO4  (1.20).  In  the  case  of  cassiterite,  a  large 
residue  (450  mgm.)  was  left  undissolved. 

P.  8,  N.  2.  —  500  mgm.  of  each  of  the  following  substances,  reduced  to  a 
fine  but  far  from  impalpable  powder,  were  first  treated  for  from  10  to  30 
minutes  with  strong  aqua  regia,  and  the  residues  were  then  introduced  into  a 
nickel  crucible  containing  5  gm.  NaaOa  in  a  state  of  fusion,  and  the  fusion 
was  maintained  for  from  5  to  20  minutes:  molybdenite  (M0S2),  carborundum 
(SiC),  ferrosilicon  (Fe  with  13%  Si),  ferrochrome  (Fe  xCx)^  Ural  Mts.  platinum 
ore,  Ural  Mts.  osmium-iridium,  pure  metallic  iridium,  crude  metallic  ruthenium, 
and  (100  mgm.)  pure  metallic  rhodium.  All  of  these  substances  except  the 
platinum  metals  reacted  violently  with  the  NajOa,  with  the  production  of  much 
light  and  heat.  Complete  solution  resulted  in  case  of  all  the  substances  upon 
adding  to  the  fused  mass  75  ccm.  water,  neutralizing  with  HCl,  adding  a 
moderate  excess  of  it.  and  heating  (except  that  in  case  of  carborundum  a 
small  flocculent  precipitate  of  Si04H4  separated). 

P.  12,  N.  I.  —  One  gram  monazite  was  treated  with  HF  and  HNOg  (P.  2 
and  5),  and  the  residue  was  fused  with  K2S2O7  and  H2SO4  (P.  12).  On  add- 
ing the  mass  to  water,  a  flocculent  precipitate  formed ;  but  this  dissolved  on 
decanting  the  liquid  and  adding  10  ccm.  H2SO4  (1.20). 

500  mgm.  Ti,  as  TiOa,  were  fused  with  5  gm.  K2S2O7  and  4  ccm.  H2SO4 
were  added.  On  adding  the  mass  to  50  ccm.  water  everything  dissolved, 
and  remained  in  solution  upon  boiling. 

10  gm.  K2S2O7  were  heated  at  a  dull  red  heat  in  a  covered  platinum 
crucible  for  20  minutes.     The  mass  was  cooled,  2  ccm.  H2SO4  (1.84)  were 
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added,  and  the  mixture  heated  for  15  minutes  below  its  boiling  point  till  a 
clear  fusion  resulted.  On  cooling,  about  half  the  mass  separated  as  a  com- 
pact solid  and  the  other  half  remained  viscous.  On  adding  2  ccm.  more  of 
H2SO4  (1.84),  reheating  for  10  minutes  till  a  clear  fusion  was  obtained,  and 
then  cooling,  the  mass  became  viscous,  but  was  so  liquid  that  it  could  be 
poured  out. 

P.  12,  N.  3.  —  The  liquid  mass  obtained  in  the  last  experiment  was  added 
to  30  ccm.  water,  two  drops  HCl  (1.20)  added,  and  the  solution  was  then 
shaken  with  i  ccm.  Ag.  From  the  color  of  the  precipitate  it  was  estimated 
by  comparison  with  the  colors  obtained  with  known  amounts  of  platinum, 
that  2  mgm.  Pt  had  been  taken  up  from  the  crucible. 

P.  13,  N.  I.  —  See  C.  E.  on  P.  8,  N.  2,  in  regard  to  action  of  Na802  on 
the  substances  that  may  be  present  in  a  dark-colored  or  metallic  residue. 

P.  13,  N.  2.  —  5  gm.  NajOa  were  fused  at  a  lower  red  heat  for  20  minutes 
in  a  35  ccm.  nickel  crucible  weighing  17  gm.  The  crucible,  after  washing  out 
and  drying,  had  lost  i.o  gm. 

2  gm.  Na202  were  fused  for  20  minutes  on  a  silver  crucible  cover :  the 
cover  lost  0.9  gm. 

In  regard  to  the  action  of  Na202  on  Ni,  Fe,  Ag,  and  Pt,  see  also  Dudley, 
Am.  Chetn.  /.,  28,  59-66  (1902),  and  Leidi^  and  Quennessen,  Bull,  soc,  chim, 

(3)  27,  179-1^3  (1902). 

P.  13,  N.  3.  —  5  gm.  Na202  from  Roessler  and  Hasslacher,  N.  Y.,  made 
from  metallic  sodium  under  the  Castner  patent,  was  submitted  to  a  qualitative 
analysis.  This  quantity  contained  only  about  3  mgm.  Fe  and  i  mgm.  Sb  as 
metallic  impurities. 

P.  13,  N.  4*  —  For  the  composition  of  the  hydrated  oxide  of  nickel  pro- 
duced, see. Dudley, /.  Am.  Chem,  Soc,  18,  901-902  (1896). 

P.  13,  N.  5.  —  For  the  composition  of  the  fusion-products  of  platinum,  see 
Dudley,  Am,  Chem.  /.,  28,  59-66  (1902) ;  of  indium,  Claus,  /.  prakt.  Chem,^ 
39,  101  (1846). 

500  mgm.  Ir,  as  metal,  and  500  mgm.  Pt,  as  metal,  were  in  separate  experi- 
ments fused  in  a  nickel  crucible  with  5  gm.  Na202  for  75  minutes.  The  fused 
mass  was  treated  with  100  ccm.  water,  and  the  coal-black  residue  allowed  to 
settle.  The  very  slightly  yellowish  solution  was  decanted,  acidified  with  HCl, 
and  evaporated  nearly  to  dryness;  the  residue  was  treated  with  HCl  (1.20); 
the  solution  was  decanted  from  the  pure  white  NaCl  and  evaporated  to  dry- 
ness with  HNOg ;  the  residue  was  dissolved  in  i  ccm.  water,  and  the  solution 
was  saturated  with  NH4CI.  In  the  case  of  the  iridium,  only  about  \  mgm. 
Ir  separated  as  a  black  precipitate,  showing  that  the  fusion-product  was 
almost  insoluble  in  water.  This  is  in  disagreement  with  the  statement  of 
Leidi^  and  Quennessen,  BulL  soc.  chim.  (3),  27,  181  (1902),  according  l> 
which  the  iridium  after  fusion  dissolves  completely  in  water  with  production 
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of  a  deep  blue  solution.  In  the  case  of  the  platinum,  no  (NH4)aPtClfl  was 
obtained.  The  residue  insoluble  in  water  was  thoroughly  washed,  and  it  was 
then  warmed  with  HCl  (1.20).  In  the  case  of  the  iridium  it  very  quickly 
dissolved  to  a  clear  dark  blue  solution,  which  during  evaporation  changed  to 
a  dark  red  color,  In  the  case  of  platinum,  a  large  quantity  of  a  dense  yellow 
residue  remained  after  long  boiling  with  HCl  (1.20)  and  strong  aqua  regia. 
The  HCl  solution,  however,  contained  a  large  quantity  of  platinum,  as  was 
shown  by  precipitating  it  in  a  pressure  bottle  with  H^S. 

500  mgm.  crude  Ru  were  fused  with  5  gm.  NaaOj  and  treated  with  water 
in  the  usual  manner.  The  aqueous  solution  was  dark  orange-red,  and  upon 
adding  HCl  to  the  solution  and  residue,  a  clear,  very  dark  red  solution  re- 
sulted. 

100  mgm.  commercial  Rh  were  fused  with  NaaO^  and  treated  with  water. 
The  supernatant  liquid  after  the  precipitate  settled  was  dark  orange-yellow, 
and  it  remained  so  after  decanting  and  acidifying  with  HCl,  but  it  became 
colorless  on  boiling ;  these  results  being  perhaps  attributable  to  the  presence  . 
of  osmium.  The  black  residue  and  adhering  solution  were  treated  with  HCl : 
in  the  cold  there  was  a  large,  finely  divided  cream-colored  residue,  but  upon 
heating  this  almost  entirely  dissolved,  yielding  a  dark  yellow-orange  solution. 

P.  13,  N.  7.  —  200  mgm.  Os  were  fused  with  NajOa,  the  fused  mass 
treated  with  water  and  HCl,  and  the  liquid  distilled  (as  in  P.  13) :  after  dis- 
tilling 5  minutes,  thfe  dark  orange  distillate  was  replaced  by  fresh  NaOH ; 
after  distilling  3  minutes  longer,  a  yellow  distillate  corresponding  in  color 
to  that  given  by  4-5  mgm.  was  obtained;  on  again  replacing  the  distillate 
and  boiling  for  2  or  3  minutes  longer,  a  colorless  distillate  giving  no  precipi- 
tate with  NaaSaOg  and  HCl  resulted.  25  ccm.  HNOj  (1.42)  were  then  added 
to  the  residual  solution,  and  the  distillation  continued  for  10  minutes;  the 
light  yellow  distillate  was  then  treated  with  HCl  and  2  ccm.  saturated  Na^ 
S-iOa  solution:  the  precipitate  obtained  was  pure  white,  showing  that  the 
osmium  distilled  over  completely  in  less  than  10  minutes  and  that  the  addi- 
tion of  HNOg  is  unnecessary. 

P.  13,  N.  8.  —  500  mgm.  crude  Ru  were  fused  with  NajOa,  the  fused  mass 
treated  with  water  and  HCl,  and  the  liquid  distilled  (as  in  P.  13):  a  weakly 
colored  distillate,  giving  with  HCl  and  NaaSaOg  a  ^mall  precipitate  corre- 
sponding to  1-2  mgm.,  was  obtained ;  this  was  probably  due  to  a  little  osmium 
present  in  the  material  used.  On  further  distillation  into  a  new  portion  of 
NaOH,  the  latter  remained  colorless,  showing  that  the  ruthenium  does  not 
distil  over. 

P.  13,  N.  10.  —  In  one  experiment  200  mgm.  very  finely  powdered 
osmium,  and  in  another  500  mgm.  powdered  osmium-iridium,  were  boiled  in 
a  distilling  flask  with  strong  aqua  regia,  and  the  distillate  caught  in  NaOH 
solution :  in  neither  case  did  the  distillate  give  a  dark-colored  precipitate 
when  tested  with  NagSiOg  and  HCl. 
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P.  14,  N.  X.  —  That  the  distillation  and  test  with  Na^/),  will  show 
0.5  mgin.  Os  was  proved  by  experiment 

The  distillate  obtained  by  distilling  i  mgm.  Ru  with  dilute  H^Of  and 
KMn04  was  tested  with  NasS^Qt  by  P.  14.  A  black  precipitate  was 
produced. 

P.  16,  N.  a.  —  The  dense  yellow  residue  of  Pt^Qs  insoluble  in  HCl  and 
aqua  r^a,  referred  to  in  C.  E.  on  P.  13,  N.  5,  was  allowed  to  stand  in  the 
cold  over  night  under  water  saturated  with  H^S :  it  was  completely  converted 
to  a  black  sulphide,  which  dissolved  readily  .in  aqua  regia. 

P.  18,  N.  I.  — As  to  the  solubility  of  AgCl  in  NH4OH,  see  Bodlander 
and  Fittig,  Ztschr,  phys.  Chem.,  39,  602  (1901);  Whitney  and  Melcher, 
/.  Am,  Chem.  Soc,  25,  78  (1903). 

500  mgm.  Pb,  as  PbS04,  were  boiled  with  20  ccm.  NH4OH  (0.90),  the 
mixture  filtered  hot,  the  filtrate  nearly  neutralized  with  HNO,,  and  then  acid- 
ified slightly  with  HCaHiOj,  and  a  few  drops  of  ILJCrO^  added :  a  consider- 
able yellow  precipitate  of  PbCr04  formed.  The  experiment  was  repeated 
with  the  modification  that  the  NH4OH  solution  was  cooled  before  filtering: 
in  this  case  a  precipitate  equivalent  to  only  about  0.2  mgm.  Pb  resulted. 

P,  19,  N.  I.  —  The  statement  as  to  the  quantity  of  PbS04  dissolved  by 
15  ccm.  NH4C2Hg02  solution  is  based  on  a  direct  experiment 

A  mixture  of  500  mgm.  Ba  and  500  mgm.  Sr,  freshly  precipitated  as 
BaSOf  and  SrS04,  was  collected  on  a  filter,  a  portion  of  10  ccm.  hot 
NH4C2H,02  reagent  was  poured  several  times  through  the  filter,  the  filtrate 
was  acidified  with  HCjHsOs,  and  a  few  drops  of  K2C1O4  were  added:  no 
precipitate  resulted. 

500  mgm.  Sr,  as  SrSO*,  were  boiled  with  20  ccm.  of  the  NH4C2HgOj  re- 
agent, filtered  while  hot,  and  30  ccm.  of  (NH4)2COa  added :  after  standing 
for  10  minutes,  a  precipitate  estimated  at  3-5  mgm.  had  separated. 

For  the  solubility  of  SrS04  in  HCl  (1.04)  and  HNO,  (1.032)  see  Frese- 
nius,  Quantitative  Analysis^  Am.  Ed.  of  1881,  p.  815. 

P.  20,  N.  I.  —  500  mgm.  Sr,  as  freshly  precipitated  SrSO*,  were  boiled  for 
10  minutes  with  10  ccm.  saturated  Na^COs  solution,  the  precipitate  washed, 
and  then  treated  with  10  ccm.  cold  HCl  (1.12):  it  entirely  dissolved. 

500  mgm.  Ba,  as  freshly  precipitated  BaS04,  were  boiled  for  5  minutes  with 
25  ccm.  saturated  NaaCOg  solution ;  the  solution  was  then  decanted  and  the 
residue  boiled  for  5  minutes  with  i  o  ccm.  Na^COs  solution ;  the  solution  was 
again  decanted,  the  residue  washed  and  treated  with  10  ccm.  HCl  (1.02):  it 
dissolved  completely. 

P.  ao,  N.  2.  —  For  the  theory  of  the  equilibrium  between  two  difficultly 
soluble  salts  in  the  presence  of  soluble  ones  with  common  ions  and  the  re- 
sults in  the  case  of  BaSO*  and  BaCO,,  see  Nernst,  Theoretische  Chemie^ 
3d  Ed.,  p.  498. 


-^- Preparation  of  the  Solutiotiy  Confirmatory  Experiments,    131 

A.S  to  the  solubility  of  BaS04,  BaCO,,  SrSO*  and  SrCOg  in  water,  see 
Kohlrausch  and  Rose,  Ztschr.phys,  Chem.,  12,  241  (1893).  It  should  not  be 
forgotten,  however,  that  the  values  given  in  the  cases  of  the  carbonates  are 
much  higher  than  correspond  to  the  true  solubility-products,  owing  to  the 
effect  of  hydrolysis. 
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THE  COMPOSITION  OF  SEWAGE  IN  RELATION  TO 
PROBLEMS   OF  DISPOSAL, 

By  GEORGE   W.   FULLER. 

Read  March  26,  1908. 

It  is  about  fifty  years  ago  that  the  first  systematic  analyses  of 
sewage  were  undertaken  in  order  to  throw  light  upon  problems  of  sew- 
age disposal.  From-  time  to  time  it  is  well  to  review  the  progress 
made  in  fields  of  applied  science  in  order  to  appreciate  the  relative 
advances  in  different  branches  of  a  subject,  and  especially  to  note 
wherein  efforts  towards  improved  conditions  may  be  most  fruitfully 
made. 

In  the  middle  of  the  last  century  the  subject  of  sewerage  and 
sewage  disposal  was  practically  in  its  infancy,  and  surrounded  with 
many  dissensions  and  uncertainties.  The  removal  of  municipal  wastes 
by  water  carriage  underground  had  been  undertaken  at  London  and 
a  few  other  places,  but  very  little  progress  in  the  development  of  this 
branch  of  public  works  had  been  made.  In  fact,  London  had  just 
passed  through  the  transitional  stages  whereby  connections  from  the 
houses  to  the  underground  water  channels  were  first  prohibited,  then 
permitted,  and  finally  made  compulsory  by  law. 

The  sewers  themselves  in  those  days  were  very 'crude  affairs,  and 
poorly  designed  as  to  alignment,  size,  slope,  and  velocities. 

The  disposal  of  sewage  other  than  by  discharging  it  into  the  near- 
est water  course  was  very  exceptional,  although  at  the  Craigentinny 
Meadows  near  Edinburgh  and  at  Bunzlau,  Prussia,  sewage  had  been 
used  for  irrigation  purposes  since  the  middle  of  the  eighteenth  century. 
Numerous  discussions  were  taking  place  as  to  the  commercial  v^alue 
of  sewage  for  fertilizing  purposes,  and  of  the  means  of  taking  advan- 
tage of  the  money  value  of  sewage  for  this  use.  Hundreds  of  pat- 
ented processes  for  the  treatment  of  sewage  were  announced,  most  of 
which  involved  the  use  of  some  one  or  more  of  nearly  all  the  chemicals 
which  could  then  be  made  upon  a  commercial  scale. 
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Largely  through  the  efforts  of  several  commissions  and  sanitary 
authorities  in  Great  Britain,  the  next  twenty-five  years,  or  the  third 
quarter  of  the  last  century,  saw  great  progress  made  abroad  regarding 
improved  sewerage.  At  the  end  of  that  period,  fundamental  princi- 
ples controlling  the  design  of  sewers  were  well  understood  by  a  con- 
siderable number  of  persons  who  had  specially  studied  the  matter; 
and  efficient  sewerage  systems  existed  in  various  European  cities,  and 
in  a  few  instances  in  this  country.  The  last  quarter  of  the  century 
was  characterized  by  wide  dissemination  of  the  knowledge  and  prac- 
tice of  sewer  construction,  until  at  present  there  are  comparatively 
few  cities  and  large  towns  which  are  not  fairly  well  equipped  in  this 
respect. 

Regarding  sewage  disposal,  the  situation  in  some  respects  has 
been  and  is  different.  In  some  instances  this  feature  is  so  simple  that 
it  takes  care  of  itself ;  in  others  there  is  no  difficulty  in  applying  sew- 
age to  land  readily  and  economically ;  but  in  some  cases,  where  cities 
are  situated  on  relatively  small  streams,  efficient  sewage  disposal  has 
been  and  still  is  a  difficult  and  expensive  undertaking. 

The  disposal  of  sewage  in  relatively  large  volumes  of,  water  by 
dilution  is  still  the  prevailing  method  of  disposal.  Where  purification 
processes  are  required,  the  practicability  of  irrigation  and  of  intermit- 
tent filtration  through  areas  of  porous  sand  is  well  known.  As  to 
chemical  precipitation,  which  has  been  so  generally  practiced  abroad 
during  the  past  generation,  and  where  more  than  two  hundred  plants 
are  now  in  operation,  the  time  has  come  when  the  limitations  to  its 
merits  are  much  more  clearly  recognized  than  formerly.  To  remove 
practically  all  of  the  suspended  matters  and  one-half  of  the  organic 
matter  from  sewage  and  to  discharge  the  eflfluent  into  relatively  small 
water  courses  is  no  longer  permissible  in  numerous  places  abroad,  and 
in  this  country  instances  are  becoming  more  and  more  frequent  where 
inland  towns  and  cities  must  seek  means  for  a  substantially  complete 
removal  of  decomposing  matters  before  the  sewage  is  discharged  into 
small  streams. 

In  Massachusetts,  where  relatively  large  areas  of  porous  land  are 
near  at  hand  at  moderate  cost,  and  where  sanitary  matters  are  super- 
vised with  such  eminent  skill  as  is  shown  by  the  Massachusetts  State 
Board  of  Health,  these  matters  are  not  ordinarily  of  perplexing  moment. 
In  the  South  and  West,  however,  where  the  glacial  drift  formation 
with  its  porous  sand   is   absent,  the  interest  is  much  keener  in  the 
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progress  which  is  being  made  in  a  practical  way  in  methods  for  the 
treatment  of  sewage  by  plants  of  artificial  construction,  occupying 
areas  only  a  small  fraction  of  that  necessary  for  intermittent  filtration. 
In  the  last  ten  to  fifteen  years,  through  the  careful  studies  of  the 
Massachusetts  State  Board  of  Health,  and  later  by  various  author- 
ities in  England,  progress  in  this  direction  has  been  made  rapidly,  at 
least  so  far  as  relates  to  the  evidence  which  may  be  accumulated  on 
a  small,  experimental  scale. 

As  to  the  influence  of  various  factors  which  affect  the  efficiency 
and  cost  of  the  so-called  "rapid"  methods  of  sewage  treatment,  the 
information  as  to  results  which  may  be  expected  from  operations  on 
a  large  scale  is  not  so  well  crystallized  as  might  be  desired ;  and  in 
fact  is  far  less  precise  in  its  nature  than  that  which  relates  to  the 
purely  constructive  features  of  the  collecting  sewers  to  gather  the 
sewage  and  convey  it  to  the  point  of  treatment. 

In  some  ways  the  absence  of  crystallized  evidence  regarding  these 
processes  of  sewage  treatment  depends  upon  matters  of  an  analytical 
nature,  dealing  with  the  composition  of  sewage.     This  field  is  a  very 
broad  one,  and  it  is  not  the  purpose  here  to  attempt  to  discuss  i^» 
but  rather  to  point  out  a  few  ways  in  which  more  accurate  infor^^' 
tion    concerning   the    composition    of    sewage   may   perhaps    fac^^^ji^ 
progress  in  disposing  of  sewage  so  as  to  prevent  nuisances  frc^x^ 
bad  odors  resulting  from  putrefaction,  which  takes  place  when      |^      V 
of   water   are    overcharged   with    polluting   matters.      No   atterr^j^l^^^^ 
made  here  to   consider  that   aspect   of   sewage   disposal   whictx      ci^^!^ 
with  the  infection  of  bodies  of  water  by  sewage,  although  it  msiy    l 
mentioned  in  passing  that  the  literature  upon  this  aspect  of  tlrxe    s,j|j^ 
ject  needs  thorough  overhauling,  in  order  that  the  matter   sh^.11     \^ 
placed  upon  a  more  sound  and  practical  basis  than  prex'ailing^     vie^vs 
indicate.     In   this   latter   task,   laboratory   men   have   important      ^vo^k 
to  perform. 

Strictly  speaking,  sewage  disposal  as  referred  to  in  this  F>aper 
relates  particularly  to  the  dilution  method,  to  modes  of  treatment  pre- 
paratory  to  filtration,  and  to  those  so-called  biological  methods  in  which 
rapid  rates  of  filtration  are  employed.  No  reference  of  a  descriptive 
nature  is  made  to  these  processes,  which  are  doubtless  well  known  to 
most  of  you,  and  which  have  been  well  outlined  in  recent  articles  by 
Professor  Kinnicutt. 

Among   the  fundamental  principles  associated  with  these   sewag-e 
disposal  problems  may  be  noted  the  following  : 
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1.  The  limitation  in  the  amount  of  sewage  which  may  be  dis- 
charged into  a  water  course  without  putrefaction  setting  in  depends 
upon  the  oxygen-consuming  properties  of  the  sewage  measured  against 
the  oxygen  in  the  water  of  the  stream,  after  making  due  allowance 
for  the  consumption  of  oxygen  by  the  constituents  of  the  water  and 
by  the  matters  contained  on  the  bottom  and  sides  of  the  stream. 

2.  Where  it  is  necessary  to  filter  sewage  through  beds  of  artificial 
construction  it  is  highly  advantageous  to  give  the  sewage  a  preparatory 
treatment  by  which  there  is  removed  a  large  portion  of  the  matters 
suspended  in  the  raw  sewage.  In  order  to  make  feasible  high  rates 
of  filtration  this  is  just  as  important  as  it  is  to  afford  a  preliminary 
treatment  to  the  muddy  waters  of  the  South  and  West  prior  to  their 
filtration  in  a  system  of  water  purification  works. 

3.  The  rate  of  filtration  which  is  permissible  for  sewage  filters 
bears  an  inverse  relation  to  the  amount  of  organic  matter  contained  in 
the  applied  liquid,  other  things  being  equal. 

Each  of  these  propositions  is,  of  course,  a  large  theme  in  itself. 
The  purpose  of  this  paper,  as  already  indicated,  is  solely  to  refer  to 
them  in  an  illustrative  sort  of  way  in  order  to  make  plain,  if  possible, . 
the  significance  which  the  composition  of  sewage,  accurately  known, 
bears  to  these  important  matters. 

To  the  engineer  who  has  to  design  artificially  constructed  purifi- 
cation works,  and  estimate  the  cost  of  their  operation,  it  will  be  seen 
at  a  glance  that  it  is  highly  desirable  to  know  approximately  the 
amount  of  suspended  matter  which  on  an  average  may  be  expected 
to  be  contained  in  the  sewage  before  and  after  it  has  passed  through 
various  preparatory  treatments.  It  is  also  important  to  know  the 
amount  of  organic  matter  in  the  sewage  to  be  applied  to  the  filters 
in  order  to  estimate  a  proper  rate  of  treatment.  This  information  as 
to  organic  matter  is  also  essential  in  estimating  approximately  the 
amount  of  sewage  that  may  be  applied  under  given  conditions  to  a 
stream  with  a  certain  flow  without  the  putrefactive  processes  becom- 
ing a  nuisance. 

Here  in  Massachusetts,  through  the  admirable  equipment  of  the 
State  Board  of  Health,  these  problems  can  be  readily  and  safely 
solved  as  they  present  themselves.  To  one  who  has  to  deal  with 
disposal  problems  in  some  other  sections,  the  conditions  are  likely  to 
be  radically  different,  and  the  amount  of  detailed  local  data  which  may 
be  obtained  to  serve  as  a  guide   is   frequently  very  meagre   indeed. 
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Not  only  are  the  data  meagre,  but  frequently  they  are  misleading. 
Thus,  the  results  of  analysis  of  a  few  scattering  samples  of  sewage 
may  do  more  harm  than  good,  because  they  are  not  representative. 

That  sewage   possesses  a  wide  variation,  both  in   quality  and   in 
quantity,  at  different  hours  of  the  day  is,  of  course,  very  well  known. 
In  order  to  illustrate  fully  the  significance  of  this  to  one  who  has  ti> 
deal  with  the  results  of  analyses  of  a  few  scattering  samples.  Table    I 
is  given.     It  shows  the  percentages  which  the  volume  of  flow  and  tlie 
amount  of  the  principal  constituents  of  sewage  at  different  hours    of 
the  day  are  of   the  average  quantities.     This  table  is  computed  from 
data  given  for  the  sewage  purification  works  at  Gardner  in  the  MLas- 
sachusetts  State  Board  of  Health  Report  for  1898,  p.  624. 


TABLE  I. 
Comparison  of  the  Percentages  which  the  Flow  op  Sewage  and  the  AbiAOUNX 
OF  Its  Different  Constituents  at  Different  Hours  Are  of  the  Avkr-AGEs 
FOR  THE  Day. 


Rate  of 
Flow. 

Rbsidub 

ON  Evaporation. 

Nitrogen  as 

Oxygen 
Consumed. 

Hour. 

1 

j 

1 

•< 

% 

Chi-okiwb 

0-10  A.M. 

124 

143 

126 

180 

150 

180 

158 

99 

11-12     •• 

116 

160 

159 

162 

157 

155 

167 

114 

1-  2  P.M. 

123 

129 

131 

125 

107 

107 

110 

vzrr 

8-4     " 

116 

142 

114 

204 

113 

141 

141 

ItBO 

&-6     " 

107 

123 

137 

93 

116 

99 

92 

21T 

V-8     " 

108 

97 

106 

79 

141 

117 

110 

1X0 

9-10     •• 

92 

67 

76 

49 

84 

66 

85 

T5 

11-12     " 

86 

84 

76 

101 

98 

87 

99 

77 

1-  2   A.M. 

74 

30 

43 

•16 

35 

31 

22 

S3 

3-4     " 

TO 

28 

39 

6 

8 

15 

16 

38 

5-6     " 

77 

32 

44 

8 

16 

14 

19 

38 

7-8     •• 

114 

69 

74 

50 

101 

87 

82 

61 

The  dangers  of  attaching  too  much  significance  to  the  results  of 
limited  data  as  to  volume  and  strength  of  sewage  have  long  been 
appreciated,  and  years  ago  resulted  in  the  custom  of  rating  the  capacity 
of   irrigation   farms   and    intermittent    sand    filters    according    to   the 
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population  connected  with  the  sewers  per  upit  area  of  filtering  sur- 
face. This  was  no  doubt  a  wise  custom,  and  it  has  served  a  useful 
purpose.  But  it  has  its  limitations,  owing  to  the  fact  that  the  amounts 
of  some  of  the  constituents  of  sewage  are  somewhat  independent  of 
the  numbers  of  the  contributing  population,  due  especially  to  varia- 
tions in  quantity  and  quality  of  manufacturing  wastes  and  of  street 
washings  which  may  be  discharged  into  the  sewers.  Such  limitations, 
of  course,  do  not  apply  directly  to  residential  and  commercial  commu- 
nities which  have  separate  sewers  for  the  removal  of  storm  w^ter. 

An  endeavor  has  been  made  by  the  writer  to  gather  together  the 
available  information  as  to  the  composition  of  sewage,  partly  with  the 
view  to  securing  data  which  would  be  of  general  assistance  in  connec- 
tion with  various  problems  in  sewage  disposal,  and  partly  with  the 
view  to  seeing  wherein  further  studies  are  necessary  in  order  to  sup- 
plement data  which  are  inadequate  for  allowing  general  deductions  to 
be  safely  made. 

The  data  herein  compiled  are  somewhat  fragmentary,  and  repre- 
sent studies  which  have  been  made  at  odd  t;imes  for  several  years  of 
the  available  published  records  from  sources  with  which  the  writer  is 
more,  or  less  personally  familiar.  Acknowledgment  is  due  here  to  the 
assistance  of  Mr.  George  A.  Johnson,  who  has  carefully  reviewed  the 
leading  literature  on  the  subject  and  compiled  the  various  analyses 
in  convenient  form  for  use. 

The  composition  of  sewage  representing  different  conditions  can 
best  be  recorded  by  reducing  the  results  of  analyses  and  the  gaugings 
of  sewage  flow  to  the  common  basis  of  the  amount  of  the  various 
constituents  per  capita  per  day.  The  data  herein  presented  comprise, 
first,  the  published  records  of  the  amount  of  these  constituents  per 
capita,  so  far  as  they  are  known  to  the  writer ;  and,  second,  the  results 
which  have  been  computed  from  the  numerous  analyses  which  in  the 
last  few  years  have  been  made  and  published  in  Massachusetts  and 
in  England. 

The  first  records  of  which  we  have  knowledge,  showing  the  amount 
of  the  chief  constituents  of  sewage  per  capita  per  day,  are  found  in 
the  notes  and  lectures  by  the  late  Dr.  Letheby,  which  are  reprinted 
in  a  book  (p.  137)  called  "The  Sewage  Question,'*  published  in 
London  in  1872  by  Balliere,  Tyndall  &  Cox.  These  results  are  the 
averages  obtained  from  a  great  number  of  analyses  by  Dr.  Letheby 
of  the  sewage  discharged  at  all  hours  and  at  all  seasons  from  the  out- 
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falls  of  ten  of  the  large  London  City  sewers,  whose  ordinary  rate  of 
flow  at  midday  was  about  five  million  gallons  per  day.  These  results 
are  in  close  accord  with  those  obtained  in  1857  by  Dr.  Hoffman  and 
Mr.  Witt  in  their  inquiries^  into  the  average  composition  of  London 
sewage,  and  whose  samples  were  taken  hourly  during  the  full  twenty- 
four  hours  from  the  Savoy  Street  sewer,  and  mixed  to  produce  fair 
average  samples.  Almost  identical  results  were  also  obtained  by 
Mr.  Way  in  analyses  of  the  Rugby  sewage  as  the  result  of  ninety-three 
analysed  made  from  1861  to  1863.  Dr.  Voelcker's  estimate  of  the 
average  composition  is  a  little  lower  in  some  respects  than  that  given 
by  Dr.  Letheby. 


TABLE  II. 

Dr.  Letheby*s  Estimate  of  the  Average  Amount 

OF  THE  Principal  Constit- 

UENTS  OP  City  Sewage  Expressed  in  Grams 

per  Capita  Daily. 

Total. 

From 
Excreta. 

From  Other 
Refuse. 

(total, 
Organic  nitroj^en      {  diaaolved, 
(suspended, 

16.1 

13.2 

1.9 

10.1 
0.1 
1.0 

6.0 
4.1 
0.9 

(total. 
Dissolved  matters      mineral, 

organic  and  volatile, 

lae.o 

9gi> 
37.6 

43.0 
10.0 
33.0 

93.0 
88.5 
4A 

( total, 

( organic  and  volatile, 

98.0 
63  JS 
39  J> 

19.0 
3.0 
16.0 

74.0 
SOOS 
23.5 

(total. 
Total  solids                mineral, 

organic  and  volatile. 

229.0 
162.0 
77.0 

02.0 
13.0 
49.0 

167.0 
139.0 
28.0 

(total, 
Phosphoric  acid         dissolved, 
suspended. 

43.0 
2.1 
2.2 

24.0 
1.4 
1.0 

1.9 
0.7 
1.2 

total, 
PoUsh                        dissolved, 
suspended, 

3.2 
3.0 
0.2 

1.9 
1J5 
0.4 

1J5 

One  of  the  most  interesting  features  of  this  table  is  the  estimate 
of  the  relative  amounts  of  the  several  constituents  coming  from  ex- 
creta and  from  other  sources. 

In  the  above  table  it  is  to  be  noted  that  the  organic  matter  is 
not  recorded  in  the  form  of  nitrogen  as  ammonias  or  of  oxygen  con- 
sumed, but  that  it  is  indicated  only  as  a  total  quantity,  doubtless  ob- 
tained by  the  loss  on  ignition  of  the  residue  on  evaporation,  presumably 
including  some  volatile  matter.  However,  it  is  of  interest  and  impor- 
tant to  note  that  the  total  nitrogen  is  given,  presumably  obtained  by 
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a  combustion  process,  and  indicating  that  about  one-fifth  of  the  organic 
matter  as  recorded  represents  nitrogen. 

In  the  special  report  on  the  examination  of  water  supplies  by  the 
Massachusetts  .State  Board  of  Health  of  1890,  p.  788,  Mr.  F.  P.  Stearns, 
then  chief  engineer  of  the  board,  estimated  the  leading  constituents 
of  sewage  per  capita  daily,  based  upon  analyses  of  the  London  sewage 
during  the  years  1883  and  1884,  the  Lawrence  analyses  as  then  avail- 
able and  a  few  analyses  from  Worcester,  Mass.,  to  be  as  follows  : 


TABLE   III. 

Mr.  Stearns*  Estimate  of  the  Average  Amount  of  the  Principal  Constituents 

OF  Sewage  Expressed  in  Grams  per  Capita  Daily. 


( as  free  ammonia, 
Nitrogen    { as  albuminoid  ammonia, 
( total,^ 

6.6 
1.1 
8.9 

Dissolved  solids. 

99.0 

Chlorine. 

19.0 

^  This  is  added  by  the  writer,  and  is  taken  as  the  stun  of  the  nitrogen  as  free  ammonia  and  three  times 
the  nitrogen  as  albuminoid  ammonia. 

The  next  published  record  of  which  we  have  knowledge  concern- 
ing the  amount  of  constituents  of  sewage  per  capita  is  found  in 
Mr.  Goodell's  translation  of  Professor  Baumeister's  work  on  "The 
Cleaning  and  Sewerage  of  Cities,"  the  German  edition  of  which  ap- 
peared in  1890  and  the  English  edition  in  the  spring  of  1891.  Pro- 
fessor Baumeister  apparently  made  very  careful  inquiries  into  the  vol- 
ume of  water  used  by  the  sixteen  English  cities  from  which  samples 
of  sewage  were  analyzed  by  the  Royal  Commission  on  River  Pollution 
during  the  early  70*s,  and  paid  especial  attention  to  the  question  of 
whether  the  population  connected  with  the  sewers  corresponded  to 
the  number  of  persons  used  in  figuring  the  results  per  capita.  His 
results  are  given  in  Table  IV  for  sixteen  representative  English  cities 
and  also  for  the  city  of  London,  although  it  is  presumable  that  his 
data  for  London  are  less  satisfactory  in  some  respects  than  those 
recorded  in  Table  IL 
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TABLE   IV. 

Professor  Baumeister's  Estimate  of  the  Average  Amounts  of  the  Principai 

Constituents  of  Sewage,  Expressed  in  Grams  per  Capita  Daily. 


London. 

AVBKAGB   OF  SIXTEEN 

English  Cities. 

Nitrogen, 

16 

15 

Dissolved  matter, 

129 

127 

Suspended  matter 

(total, 

{mineral. 

( ofj^nic  and  volatile, 

112 

71 
41 

79 
43 
36 

Total  solids, 

261 

206 

The  next  published  records  of  the  constituents  of  sewage  per 
capita  daily  are  found  in  the  report  of  the  Massachusetts  State  Board 
of  Health  for  1894,  p.  474,  where  there  is  given  an  estimate  from 
analyses,  made  under  the  charge  of  the  writer,  of  the  fresA  sewage 
of  Lawrence,  the  Worcester  State  Lunatic  Hospital,  Marlboro, 
Gardner  and  Framingham.  The  results  are  based  on  one  set  of 
analyses  from  each  place,  in  which  the  sewage  was  collected  hourly 
(with  few  exc.eptions),  and  gaugings  made  of  the  sewage  at  the  same 
interval,  thus  allowing  a  representative  analysis  of  the  entire  day's 
flow  to  be  computed.  No  determinations  were  made  of  the  total 
solids  or  of  the  matters  in  suspension. 

There  is  considerable  variation  in  the  results  obtained  from  the 
several  places,  due  in  part  to  difficulty  in  estimating  the  population 
upon  the  sewerage  system.  Connections  had  only  been  partially 
made  at  several  of  these  places,  and  this  required  an  estimate  of  the 
equivalent  for  a  period  of  twenty-four  hours  of  a  considerable  portion 
of  the  contributing  population  which  worked  in  factories  in  the  town 
and  resided  outside  the  district  connected  to  the  sewers.  Another 
complication  related  to  the  relatively  large  volume  of  ground  water 
which  entered  the  outfall  sewers.  The  constituents  of  this  ground 
water  had  some  connection  with  the  contributing  population,  but  for 
the  most  part  it  was  believed  to  be  independent  thereof.  In  the  re- 
sults of  the  amount  of  constituents  per  capita,  the  ground  water  was 
disregarded,  thus  giving  results  which  for  this  reason  are  perhaps  a 
little  too  low.  The  average  results  of  the  five  places  mentioned  are 
given  below. 

The  remaining  published  record  of  the  constituents  of  sewage  per 
capita  is  given  in  the  report  of  Mr.  X.  H.  Goodnough,  sanitary  engi- 
neer, in  the  forthcoming  report  relative  to  the  proposed  Charles  River 
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dam  at  Boston.  It  is  based  upon  frequent  analyses  of  sewage  at 
Andover,  Brockton,  Marlboro  and  Spencer,  Mass.,  and  the  quan- 
tity of  nitrogen  as  albuminoid  ammonia  is  estimated  to  be  1.02  grams 
per  capita  daily.  The  remaining  constituents  of  sewage  from  these 
places  are  not  given,  as  the  albuminoid  ammonia  was  used  for  a 
special  purpose  in  connection  with  the  permissible  amount  of  pollu- 
tion which  streams  may  receive  without  offensive  odor. 

TABLE   V. 
Estimate  in  the  1894  Report  of  the  Massachusetts  State  Board  of  Health 
OF  the  Principal  Constituents  of  Sewage,  Expressed  in  Grams  per  Capita 
Daily. 


Oxyg«.c«n,„m«l{l-S-|j::a|; 


Nitrogen  as 

Chlorine, 

Fats, 

Bacteria,* 


(  free  ammonia, 

)  albuminoid  ammonia, 

)  organic, 

(  total, 


13.50 
19.80 

6.40 

2.25 

7i» 

13.60 

16.00 

18.50 

322.00 


^  Expressed  as  billions  per  capita  daily. 


Summarizing  the  results  of  published  records  of  estimates  of  the 
amount  of  the  chief  constituents  of  sewage  per  capita  daily,  giving 
due  weight  to  those  data  which  are  based  upon  the  most  numerous 
analyses,  the  following  average  may  be  obtained  : 


TABLE   VI. 
Estimated  Approximate  Average  Amounts  of  the   Principal  Constituents  of 
Sewage,  Based   on   Foregoing   Data   and   Expressed   in   Grams    per  Capita 
Daily. 


Oxygen  con««„«l   {iSSSlSiSi, 


(  free  ammonia, 

1  albuminoid  ammonia, 

\  organic, 

(  total, 


Nitrogen  as 

Chlorine, 
Fats, 


ItoUl, 
mineral, 
organic  and  volatile, 

I  total, 
mineral, 
organic  and  volatile, 


Total  solids, 


!  total, 
miiieral, 
organic  and  volatile, 


15.0 
22.0 

7.0 
2.5 
8.0 
15.0 

19.0 

19.0 

136.0 
99.0 
37.0 

98.0 
53.0 
40.0 

229.0 
152.0 
77.0 
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The  significance  of  the  ab©ve  data  is  not  discussed  until  further 
evidence  is  presented,  but  there  are  several  features  which  it  is  well 
to  mention  here,  as  follows  : 

This  average  is  a  composite  result,  and  its  several  items  do  not 
specifically  refer  to  the  same  sewage.  For  this  reason  the  relative 
values  are  not  as  reliable  as  might  be  desired.  The  data  of  the  last 
table  represent  in  general  the  sewage  from  combined  systems,  due  to 
the  predominancy  of  English  evidence,  although  the  sewers  in  each  of 
the  Massachusetts  cities  studied  in  connection  with  Table  V  were 
designed,  with  the  exception  of  those  at  Lawrence,  on  the  separate 
system.  The  solids  and  suspended  matters  are  based  on  London  evi- 
dence, where  there  is  a  considerable  amount  of  street  washings  during 
storms.  The  amount  of  manufacturing  refuse  in  the  sewage  repre- 
sented by  the  above  data  is  comparatively  small.  As  to  the  different 
forms  of  nitrogen  in  the  organic  matter,  the  total  amount  found  in 
London  is  subdivided  as  indicated  by  the  Massachusetts  data  of  1894, 
which,  as  stated,  represent  fairly  fresh  sewage.  In  fact,  the  dissolved 
oxygen  was  not  exhausted* in  the  samples  as  collected  and  analyzed, 
as  will  be  seen  by  consulting  the  detailed  data  in  the  report  men- 
tioned. 

One  of  the  unfortunate  features  at  present  regarding  data  on  the 
composition  of  sewage  is  the  inadequateness  with  which  analytical 
methods  measure  the  capacity  of  the  organic  matter  for  consuming 
oxygen  in  connection  with  both  filtration  and  dilution  processes. 

The  old  method  of  regarding  the  loss  on  ignition  as  organic  matter 
is,  of  course,  very  crude,  as  the  results  also  include  quite  a  portion 
of  volatile  mineral  matters,  and,  further,  give  no  clue  to  the  character 
of  the  organic  material  with  reference  to  its  power  for  consuming 
oxj'gen. 

The  amount  of  nitrogen  in  the  form  of  the  ammonias  is  more 
helpful,  and  is  of  much  assistance  in  allowing  comparisons  to  be  made 
of  purified  sewage  and  of  natural  waters  in  which  the  organic  matter 
is  in  a  fairly  stable  condition.  In  raw  sewage,  however,  the  percent- 
age of  nitrogenous  organic  matter  which  appears  in  the  form  of  the 
ammonias  is  quite  variable,  and  depends  upon  a  number  of  factors. 
Especially  is  this  true  of  the  nitrogen  in  the  form  of  albuminoid 
ammonia  as  compared  with  the  total  organic  nitrogen  in  raw  sewage. 
This  has  led,  in  a  few  instances,  to  direct  determinations  of  the  nitro- 
gen in  the  organic  matter  by  means  of  the  Kjeldahl  process,  a  method 
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which,  in  the  opinion  of  the  writer,  is  worthy  of  a  far  wider  adoption 
than  it  has  met  up  to  this  time. 

In  connection  with  the!  carbonaceous  matter,  the  oxygen  consumed, 
or  the  oxygen  absorbed,  is  a  result  which  is  obtained  by  a  process 
that  in  some  form  or  another  has  been  applied  since  1850.  The 
number  of  modifications  of  the  process,  however,  is  so  great  that 
there  is  considerable  difficulty  in  applying  the  results  obtained  at  one 
laboratory  to  the  conditions  elsewhere,  and  in  •  all  cases  the  results 
indicate  only  a  small  fraction  of  the  oxygen  consumed  under  condi- 
tions in  nature. 

Illustrative  of  the  varying  relation  of  nitrogen  in  the  form  of 
albuminoid  ammonia  to  the  total  organic  nitrogen  present  in  raw 
sewage,  there  is  given  below  in  Table  VII  the  results  of  an  experi- 
ment made  in  the  Lawrence  laboratory  and  published  in  the  1894 
report  of  the  Massachusetts  State  Board  of  Health,  p.  461.  A  bottle 
of  fresh  sewage  was  analyzed  just  after  its  collection  and  again  at 
frequent  intervals,  allowing  the  natural  decomposition  processes  to 
take  place  at  room  temperature.  In  this  table  it  is  seen  that  fresh 
sewage  contains  dissolved  oxygen,  coming,  of  course,  from  the  water 
supply  which  forms  the  principal  portion  of  the  sewage.  It  also  con- 
tains nitrogen  in  the  form  of  nitrates,  as  well  as  other  salts  which 
are  completely  oxidized.  Through  the  agency  of  the  bacteria  and 
the  oxygen  dissolved  in  the  water  and  yielded  by  the  oxidized  salts, 
the  carbon  of  the  organic  matter  is  oxidized,  and  the  organic  nitro- 
gen uniting  with  the  hydrogen  forms  free  ammonia. 

Thus  it  is  seen  from  the  results  in  the  table  that  the  dissolved 
oxygen  and  the  nitrates  gradually  disappear ;  the  bacteria,  for  a  time, 
increase ;  the  oxygen  consumed  (carbonaceous  matter)  decreases ;  the 
nitrogen  as  free  ammonia  increases  and  the  organic  nitrogen  (Kjel- 
dahl)  decreases.  The  nitrogen  as  albuminoid  ammonia,  however,  re- 
mains approximately  constant,  notwithstanding  that  more  than  twenty 
parts  of  organic  nitrogen  are  changed  to  free  ammonia,  and  some  five 
or  six  parts  of  free  nitrogen  escape  into  the  atmosphere. 

It  is  of  interest  in  this  connection  to  note  that  it  is  the  soluble 
organic  matter  which  is  decomposed,  and  that  there  is  comparatively 
little  change  in  the  suspended  matter.  Each  day  after  the  oxygen 
was  exhausted  there  was  a  little  air  added  during  the  mixing  of  the 
contents  of  the  bottle  to  obtain  a  fair  sample.  Septic  action  took 
place,  but  not  in  the  degree  which  would  have  been  the  case  had  the 
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sewage  first  been  seeded  with  a  septic  growth.  This  experiment  sug- 
gests, however,  that  in  large  septic  tanks  the  processes  of  decomposi- 
tion and  putrefaction  may  not  be  so  rapid  that  a  difference  of  a  few 
hours  in  the  period  occupied  by  the  flow  of  the  sewage  through 
the  tank  affects  materially  the  soluble  parts  of  the  sewage  passing 
through  it.  The  physical  aspect  of  the  process  should  be  considered, 
namely,  that  the  velocity  of  flow  should  be  reduced  so  that  suspended 
matters  may  subside,  and  the  tank  should  be  large  enough  to  retain 
susi>ended  matters  sufficiently  long  to  allow  solution  of  suspended 
organic  matter  to  take  place,  and  thus  avoid  cleaning  the  tank  at  too 
frequent  intervals. 

Table  VIII  shows  some  comparisons  by  percentage  of  the  several 
amounts  of  the  different  forms  of  nitrogen  as  found  at  various  inter- 
vals in  the  experiment  last  described. 


TABLE   VIII. 

Comparison   of  the  Relative  Amounts  of  Nitrogen  in   Different  Forms  in 

THE  Sewage  Experimented  with  as  Shown  in  Table  VII. 


Pbrcbntagb  of  Total  Nitrogen 

Found  as 

Hour. 

Pbrcbntage  which 

Dav. 

H  S 

sis 

11 

< 

< 

1 

Q 

X\ 

Nitrogen   as  Al- 
buminoid Ammonia 
IS  OF  Organic  Ni- 

TROGEN       (KjBL- 

dahl). 

March  U 

10.30  A.M. 

64 

13 

30 

6.0 

20 

*•       11 

12.30  P.M. 

63 

13 

32 

6.0 

20 

"       U 

3.00    " 

62 

13 

33 

5.0 

21 

"      n 

6.00    " 

59 

13 

37 

4.0 

22 

"       12 

8.00  A.M. 

37 

14 

63 

0.4 

37 

«•       12 

12.00  M. 

32 

15 

67 

0.3 

47 

'•       12 

6.00  P.M. 

35 

13 

6C 

0.0 

39 

"       12 

10.30  A.M. 

32 

13 

68 

0.0 

41 

"       14 

10.30    " 

30 

14 

74 

0.0 

44 

-«       15 

10.30    " 

31 

13 

T2 

0.0 

44 

"       16 

10.30    " 

29 

13 

72 

0.0 

46 

••        18 

10.30    •• 

26 

12 

75 

0.0 

48 

•*       19 

10.30    " 

24 

12 

76 

0.0 

50 

The  amount  of  organic  nitrogen  present  in  sewage  was  determined 
in   early   days   by  the   combustion  method.     Later   it   was   estimated 
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as  twice  the  nitrogen  in  the  form  of  albuminoid  ammonia,  and  more 
recently  it  has  been  taken  as  three  times.  In  preparing  balance 
sheets  recording  the  changes  through  which  sewage  passes  when 
treated  by  various  processes,  particularly  those  preparatory  to  filtra- 
tion, and  including  the  septic  process,  it  seems  to  the  writer  to  be 
highly  desirable  to  know  more  accurately  about  the  relative  changes 
in  nitrogenous  matter.  Such  data  can  hardly  fail  to  add  to  our 
knowledge  of  these  subjects,  and  it  is  quite  possible  that  the  amount 
of  nitrogen  in  the  form  of  free  ammonia  as  compared  with  the  total 
nitrogen  present  in  partially  purified  sewage  may  serve  a  useful  pur- 
pose in  the  control  of  some  preparatory  treatments. 

An  effort  has  been  made  to  find  a  formula  for  converting  nitrogen 
in  the  form  of  albuminoid  ammonia  into  organic  nitrogen,  giving  due 
recognition  to  the  range  of  free  ammonia  present  in  the  sewage.  It 
has  been  found  that  fair  results,  as  a  rule,  are  obtained  in  a  majority 
of  cases  of  Massachusetts  sewages  by  using  the  following  formula : 

^        .      .  12  times  the  square  of  the  nitroiren  as  albuminoid  ammonia 

Organic  nitroiren   = -. r— ^ 

^  nitrogen  as  free  ammonia 

In  the  case  of  sewages  which  are  very  dilute,  or  of  partially  treated 
sewages,  this  formula  does  not  work  well,  as  will  be  seen  in  the  next 
table,  where  comparisons  are  shown  of  the  amount  of  organic  nitrogen 
as  actually  determined  by  the  Kjeldahl  process  and  as  estimated  by 
this  formula.  The  data  from  the  several  Massachusetts  cities  are 
averages  of  several  analyses  as  described  in  the  reports  of  the  State 
Board  of  Health  for  the  respective  years.  The  experiment  recorded 
in  Table  VII  is  also  included,  as  well  as  data  from  Manchester  given 
by  Sir  Henry  Roscoe  in  his  testimony  before  the  Royal  Commission  on 
Sewage  Disposal,  1902,  Vol.  II,  p.  214. 
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TABLE   IX. 
Comparison  of  the  Amounts  of  Nitrogen   in   Several  Forms   Found    in   Va- 
rious   Sewages,    with    Reference    to   the    Relation    between    Albuminoid 
Ammonia  and  Organic  Nitrogen  by  the  Kjeldahl  Method. 

Parts  per  Million. 


Nitrogen  as 

Per  Cent,  which 
Nitrogen  as 
Albuminoid 
Ammonia  is  of 

Organic 
(Kjeluarl). 

< 

\ 

Source  of  Sbwagb. 

Datb. 

•< 

- 

1 

1 

Q 

i 

< 

? 

Organic 
Nitrogen. 

i 

Worcester,  Hospital, 

1804 

32.5 

68.00 

5.9 

6.1 

18 

97 

Worcester,  Hospital, 

1885 

32  J> 

47.00 

5.5 

7.7 

17 

?2 

Marlboro, 

1894 

24.8 

46.00 

10.7 

30.1 

43 

36 

Marlboro, 

1894 

12.6 

15.60 

5.0 

19.4 

39 

26 

Framingham, 

1894 

16.7 

16.50 

6.9 

26.3 

35 

23 

Framingham, 

1895 

14.6 

14.10 

4.3 

16.7 

30 

27 

Gardner, 

1894 

11.2 

11.70 

3.1 

9.5 

28 

33 

Lawrence  (fresh  sewage). 

1891 

18.5 

16.60 

4.4 

14.9 

24 

*30 

1895 

21.6 

25.00 

6.3 

13.5 

25 

39 

Lawrence  (Station  sewage). 

1894 

13.0 

11.50 

6.2 

28.1 

40 

19 

Lawrence  (Sution  sewage), 

1896 

15.8 

16.80 

6.1 

28.1 

38 

22 

Lawrence  sewage  r***^y' 

39.6 

38.80 

8.2 

20.9 

21 

39 

i-nTttlfiSliKf^^-daddays, 

21.3 

22.00 

8.7 

41.8 

41 

21 

oratory.               ^th  to  8th  days. 

16.0 

16.80 

7.4 

41.7 

46 

18 

Effluent    of  Ppt. 
tanks  at   Man- 
chester, Eng.,, 
average  of  6  an- 
alyses covering 
2  weeks  each. . 

'1st  set, 
2d  set, 
.3d  set, 

6.1 
5.3 
5.1 

2.30 
1.35 
1.04 

2.0 
1.4 
1.3 

21.2 
19ii 

33 
26 
25 

9 

8 

7 

It  does  not  seem  likely  that  a  formula  or  a  series  of  formulas  can 
be  developed  which  can  equal  in  reliability  the  results  obtained  by 
actual  determinations  of  the  organic  nitrogen  by  the  Kjeldahl  process. 
More  information  concerning  organic  nitrogen  is  certainly  necessary, 
and  it  will  be  a  simple  matter  later  on  to  judge  of  the  practicability 
of  formulas  for  conversion. 

Regarding  the  determination  of  oxygen  consumed,  it  is  the  general 
custom  in  this  country  to  make  the  determination  by  adding  acid  and 
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permanganate  solution  to  the  liquid,  aiid  heating  the  same  for  a  period 
of  five  minutes  before  making  a  titration  to  obtain  the  result.  In 
some  places,  as  at  Lawrence,  it  is  customary  to  limit  this  period  of 
boiling  to  two  minutes.  In  Germany,  however,  the  period  of  boiling 
is  generally  extended  to  ten  minutes.  In  England,  the  temperature 
at  which  the  liquid,  after  being  treated  with  chemical  solutions,  is 
allowed  to  stand  is  80°  F.,  and  the  results  are  observed  as  to  the 
oxygen  consumed  after  periods  of  three  minutes,  fifteen  minutes  and 
four  hours,  respectively.  It  is  readily  seen  that  the  results  obtained 
and  published  from  such  a  different  number  of  methods  are  bound  to 
be  very  variable,  and  to  give  rise  to  much  confusion  in  making  deduc- 
tions from  the  evidence  accumulated  at  various  places. 

It  would  be  very  desirable  indeed  if  there  could  be  determined 
the  absolute  amount  of  oxygen  consumed,  such  as  would  indicate  the 
total  amount  of  oxygen  necessary  in  order  to  oxidize  crude  organic 
matter  completely.  This  is  a  point  which  apparently  could  be  studied 
advantageously  along  lines  which  are  indicated  farther  on. 

Any  of  the  methods  for  determining  oxygen  consumed,  if  care- 
fully carried  out,  of  course  give  data  of  assistance  in  connection  with 
various  problems,  especially  in  estimating  the  degree  of  purification 
effected  by  a  process.  It  is  highly  important,  however,  that  the 
method  by  which  oxygen  consumed  is  obtained  should  be  recorded  in 
connection  with  all  important  reports  and  analyses.  If  this  is  done, 
it  is  possible  within  certain  limits  to  convert  the  results  obtained  by 
any  method  into  those  which  would  be  obtained  by  others. 

Careful  inquiry  has  been  made  in  the  endeavor  to  ascertain  factors 
which  might  be  used  with  moderate  confidence  for  converting  to  an 
equivalent  basis  the  results  obtained  from  the  various  methods  of 
estimating  oxygen  consumed.  These  factors,  made  up  of  many  aver- 
age comparisons,  are  given  in  the  next  table : 
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TABLE    X. 
Approximate  Comparison  of  Average  Amounts  of  Oxygen  Consumed  by  Sew- 
age AND  Sewage  Effluents  as  Shown  by  Different  Methods. 


Mbthod. 

TSMPERATt'RB 
OK  SOLI'TION. 

Pbmiod  op 
Contact. 

Rklativh 
Rbsi'lts. 

Kubel,  as  practiced  at  Boston  and  gener- 
ally in  America, 

Ktibel,  as  practiced  at  Lawrence,  Mass., 

Kubel,  as  practiced  in  Gerrnany,^ 

English  official  tests, 

'•  Absolute  "  oxygen  consumed, 

Boiling. 

Boiling. 

Boiling. 

80°  F. 
80°  F. 
80°  F. 

Boiling. 

5  minutes. 

2  minutes. 
10  minutes. 

3  minutes. 
15  minutes. 

4  hours. 

4  hours. 

LOO 

0.65 

1.25 

0.20 
0.35 
0.60 

4.00 

^  German  results  generally  refer  to  "  permanganate  consumed  "  {oxidirbarkeU)  and  should  be  divided  by 
four  ta  give  oxygen  consumed. 

With  regard  to  the  data  used  in  arriving  at  these  factors,  it  may 
be  said  that  these  comparisons  between  the  Boston  and  Lawrence 
methods  are  obtained  from  numerous  published  records  of  the  Massa- 
chusetts State  Board  of  Health.  The  comparisons  of  the  Kiibel 
method,  after  heating  five  minutes  and  ten  minutes,  respectively,  are 
based  upon  very  limited  information  which  was  obtained  by  the  writer 
a  number  of  years  ago.  Comparisons  of  the  Kiibel  boiling  method  and 
the  ofiicial  English  method  at  80°  F.  are  obtained  from  Blair's  book 
on  "Organic  Analyses  of  Waters,"  and  from  comparisons  made  in 
the  laboratory  of  Professor  Kinnicutt,  of  Worcester,  and  communicated 
privately  to  the  writer. 

As  to  the  absolute  oxygen  consumed,  the  evidence  is  very  limited 
indeed,  being  confined  to  about  half  a  dozen  observations  given  by 
Blair,  p.  49,  and  by  Sir  Henry  Roscoe  in  his  testimony  before  the 
Royal  Commission  on  Sewage  Disposal,  Vol.  H,  p.  212. 

Regarding  the  factors  given  in  Table  X,  of  course  it  must  be 
clearly  borne  in  mind  that  in  most  instances  they  are  only  rough  ap- 
proximations for  the  purposes  of  the  immediate  present.  It  is  believed, 
however,  that  they  may  be  of  some  assistance  in  making  comparisons 
until  more  adequate  and  reliable  data  are  available.  The  discrepancies 
in  the  data  obtained  at  different  places  indicate  that  these  factors 
should  be  carefully  worked  out  for  different  kinds  of  sewage. 

Concerning  the  available  evidence  on  the  composition  of  sewage 
with  reference  to  ascertaining  the  amounts  of  leading  constituents 
per  capita  daily,  as  shown  by  analyses  pubhshed  within  the  last  few 
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years  in  Massachusetts  and  England,  it  is  unfortunate  that  so    many 
records  have   to   be   ignored.     This   is   on   account   of   the  data    not 
being  representative   for   the   full   twenty-four   hours   daily,  and    also 
lacking  in  the  determination  of  so  many  constituents ;  and  on  account 
of  inability  to  establish,  even  roughly,  the  relation  between  samples  oi 
sewage   analyzed   and   the   corresponding    population  and   the    volun\e 
of  sewage  flow. 

The  towns  and  cities  in  Massachusetts  from  which  san^ples  of 
sewage  have  been  collected  and  analyzed  in  a  manner  to  serve  present 
purposes  include  Framingham,  Gardner,  Marlboro,  and  Worcester. 

Table  XI  shows  the  estimated  average  composition  of  the  sew- 
age of  each  of  these  places,  based  on  several  series  of  hovirly  or 
bi-hourly  samples  for  the  full  twenty-four  hours  per  day,  withi  corre- 
sponding gaugings  of  the  sewage  flow.  The  details  will  be  found  in 
the  reports  of  the  Massachusetts  State  Board  of  Health  for  th^  year 
in  which  the  respective  series  of  samples  were  collected,  the  Astti^s  of 
collection  of  the  several  series  of  samples  being  as  follows : 

Framingham,  Sept.  11,  1894;  Oct.  30,  1895  ;  and  April  17,      i  899- 
Gardner,  July  19-26,  inclusive,  1898;  Jan.  31-Feb.  3,  incrl^-isive, 

1899. 
Marlboro,  Aug.  23-30,  inclusive,  1898. 
Worcester,  Sept.  4-10,  inclusive,  1895. 

The  estimate  of  the  average  volume  of  sewage  per  capita-  d^^^y 
is  based  on  the  following  number  of  persons  connected  with  the  s^^v^^^^ 
sewerage  systems:  Framingham,  6,000;  Gardner,  2,500;  MaK'lt^^^^' 
1,200;  and  Worcester,  90,000.  Worcester  sewers  in  1895  w^^"^  ^^ 
the  combined  plan,  and  the  sewage  contains  iron  and  acid  fronm  ^*^^^^ 
works.  At  the  other  places  the  sewers  are  on  the  separate  plan.^  ^ticXt 
generally  speaking,  receive  only  domestic  sewage. 
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TABLE   XI. 

Average  Analyses  of  Representative  Sewage  from  Massachusetts  Cities,  with 

Estimated  Corresponding  Volume  per  Capita  Daily.    Parts  per  Million. 


City  (Mass.). 

Framingham. 

Gardner. 

Marlboro. 

Worcester. 

Average  daily  flow  (  U.  S.  gallons, 
of  sewage  per  {  Imp.  gallons 
capita,                  (liters, 

Oxygen  consumed,* 

t>t;«.  „«....  *-             J  albuminoid  ammonia, 
Nitrogen  aa             ^  organic,* 

Uotal. 

Chlorine, 

total, 
Dissolved  matters      mineral, 

organic  and  volatile, 

total. 
Suspended  matters    mineral, 

organic  and  volatile, 

(total. 
Total  solids                mineral, 

(organic and  volatile. 

73.0 

63.0 

275.0 

02.0 

21.5 
5.7 
18.1 
39.6 

64.0 

312.0 
200.0 
112.0 

289.0 
63.0 
226.0 

601.0 
263.0 
338.0 

100.0 

83.0 

376.0 

34.0 

15.8 
3.8 
10.7 
26.5 

30.0 

186.0 
110.0 
75.0 

102.0 
27.0 
76.0 

287.0 
137.0 
100.0 

113.0 
95.0 
430.0 

20.0 

7.7 
2.7 
11.3 
19.0 

47.0 

232,0 
181.0 
61.0 

68.0 
15.0 
53.0 

300.0 
196.0 
104.0 

150.0 
126.0 
662.0 

78.0 

11.2 

5.2 

29.0 

40iS 

63.0 

548.0 
357.0 
191.0 

360.0 
178.0 
182.0 

908.0 
536.0 
373.0 

^  These  results  are  obtained  by  boiling  for  five  minutes. 
*  This  is  estimated  by  the  formula  already  given. 


Table  XII  contains  the  estimated  average  composition  of  sew- 
ages in  certain  European  cities  where  the  data  are  sufficiently  numer- 
ous to  serve  present  purposes  of  comparison.  The  estimates  are  based 
upon  recorded  analyses  of  sewage,  as  follows : 

Huddersfield. — The  average  analysis  of  sewage  in  this  manufac- 
turing city  (population  about  100,000)  is  based  upon  the  mean  result 
of  hourly  samples  collected  for  twenty-four  consecutive  hours  on  five 
different  occasions  averaged  with  the  mean  analysis  of  the  sewage 
from  August,  1898,  to  February,  1900.  The  serial  analyses  are 
recorded  on  pp.  14-18  of  the  report  of  Mr.  K.  F.  Campbell,  borough 
engineer,  on  **The  Sewage  Problem,"  dated  May,  1900.  The  latter 
analyses  are  stated  by  Mr.  Campbell  in  the  report  of  the  Royal  Com- 
mission on  Sewage  Disposal,  1902,  Vol.  Ill,  p.  449.  The  sewers  are 
on  the  combined  plan,  and  29  per  cent,  of  the  dry  weather  flow  is 
made  up  of  trade  refuse. 

Leeds,  —  This  analysis  represents  sewage  from  a  manufacturing 
city  (population  about  430,000)  and  covers  the  period  from  November, 
1898,  to  June,  1900,  as  given  by  Colonel  Harding  in  his  testimony 
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to  the  Royal  Commission,  1902,  Vol.  II,  p.  382.  The  sewers  are  on 
the  combined  plan,  and  contain  much  trade  waste,  especially  iron 
liquor. 

Leicester.  —  The  average  analysis  from  this  city  (population  about 
220,000)  represents  the  results  from  mixed  half-hourly  samples  taken 
one  day  a  week  for  a  period  of  about  one  year,  September,  1898,  to 
September,  1899,  inclusive,  as  recorded  in  the  report  of  the  borough 
engineer,  Mr.  E.  G.  Mawbey,  upon  the  experiments  made  at  Leicester 
and  also  as  given  by  him  in  his  testimony  before  the  Royal  Commis- 
sion, 1902,  Vol.  II,  p.  440.  The  sewers  are  on  the  combined  plan, 
here,  and  receive  wastes  fronj  dye  works  and  wool-scouring  establish- 
ments. 

London^  Northern  Outfall.  —  This  average  analysis  refers  to  a  pop- 
ulation of  about  3,250,000,  and  is  estimated  from  records  obtained  at 
different  periods  during  the  past  twenty  years.  The  more  recent 
ones  were  obtained  from  bi-hourly  samples  collected  day  and  night 
and  averaged  each  day,  regardless  of  the  volume  of  flow.  The  data 
include  an  average  analysis  for  1883,  as  reported  by  Mr.  Dibdin, 
report  of  the  Royal  Commission,  1884;  an  average  for  the  year  1893, 
as  recorded  by  the  late  Mr.  Santo  Crimp  in  his  text-book,  p.  158;  an 
average  for  the  year  1894,  as  recorded  by  Mr.  Dibdin  in  his  paper 
before  the  Institution  of  Civil  Engineers,  Vol.  CXXIX,  p.  55;  and 
the  results  obtained  during  the  past  five  years,  as  reported  by  Pro- 
fessor Clowes  in  his  testimony  before  the  Royal  Commission  on  Sew- 
age Disposal,  1902,  VoL  III,  as  follows :  for  the  period  from  Septem- 
ber, 1898,  to  April,  1899,  p.  458  ;  for  the  year  1900,  on  p.  375  ;  and 
for  the  period  of  November,  1900,  to  August,  1 901,  on  p.  419.  The 
first  set  of  analyses  is  the  most  complete,  and  the  estimated  average 
as  recorded  in  Table  XII  shows  some  features  which  are  based  upon 
the  conditions  which  governed  for  the  year  1883.  Ground  water 
and  manufacturing  refuse  do  not  seem  to  have  been  a  very  important 
factor  at  this  place.     The  sewers  are  on  the  combined  plan. 

LondoHy  Southern  Outfall.  —  This  average  result  is  based  upon 
the  data  for  the  years  1893  and  1894,  as  given  by  Mr.  Dibdin  in  the 
same  reference  as  for  the  northern  outfall,  also  the  analyses  recorded 
by  Professor  Clowes  for  the  period  from  November,  1889,  to  July, 
^900,  given  in  his  testimony  before  the  Royal  Commission,  Vol.  Ill, 
p.  455.  These  analyses  represent  a  somewhat  different  sewage  than 
that  of  the  northern  outfall,  due  in  part  to  manufacturing  refuse,  but 
more  particularly  to  ground  water  entering  the  outfall  sewer  along  the 
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salt  marshes  on  the  way  to  the  outfall  at  Crossness.  The  sewers  are 
on  the  combined  plan,  and  receive  the  sewage  of  about  1,675,000 
people. 

Mafichester,  —  The  average  analysis  of  the  sewage  from  this  man- 
ufacturing city  (population  about  562,000)  is  based  on  hourly  samples, 
which  were  mixed  in  equal  proportions,  from  Monday  noon  until 
Friday  noon,  to  give  four  representative  daily  samples  per  week.  The 
data  cover- the  period  from  May  16,  1900,  to  January  24,  1901,  as 
found  in  Tables  VII  and  VIII  and  on  p.  37  of  the  Report  of  the  River 
Department  for  the  year  ending  March  27,  1901.  Much  trade  refuse 
is  received  by  the  sewers,  which  are  on  the  combined  plan. 

TABLE   XII. 
Average    Analyses  of   Sewage    from  English  Cities,  with  Estimated  Corre- 
sponding Volume  per  Capita  Daily.    Parts  per  Million. 


City. 

i 

? 

? 

5 

J 

i 

S 

1 

1 

1 

1 

Average  daily  flow 

U.  S.  gallons, 

108.00 

60.0 

60.0 

48.0 

60.0 

T2 

of  sewage  per 

Imp.  gallons, 

90.(10 

50.0 

60.0 

40.0 

50.0 

61 

capiu 

liters. 

410.00 

225.0 

225.0 

180.0 

225.0 

275 

Oxygen    coDSUined 

(4  hours  at  80°  F., 
1 5  minutes  at  2120  F., 

99.00 

126.0 

107.0 

80.0 

67.0 

118 

165.00 

210.0 

180.0 

133.0 

112.0 

197 

Nitrogen  as 

free  ammonia, 
albuminoid  ammonia, 

10.70 

23.6 

_^ 

39.0 

34.5' 

24 

6.05 

11.3 

14.2* 

4.3 

4.3 

6 

Chlorine. 

123.00 

132.0 

267.0 

170 

total, 

715.00 

1070.0 

1045.0 

870.0 

1003.0 

940 

Dissolved  matters 

mineral, 

697.00 

■ 



666.0 

765.0 

470 

organic  and  volatile. 

118.00 



305.0 

338.0 

470 

total, 

346.00 

610.0 

635.0 

483.0 

408.0 

370 

Suspended  matters 

mineral, 

164.00 

240.0 

228.0 

183.0 

200 

organic  and  volatile, 

182.00 

370.0 



225.0 

225.0 

170 

(total, 

1061.00 

1680.0 

1680.0 

1353.0 

1601.0 

1310 

T«tal  solids 

\  mineral. 

761.00 

793.0 

938.0 

670 

( organic  and  volatile. 

300.00 

' 

560.0 

663.0 

640 

In  making  estimates  of  the  average  composition  of  sewage  from 
the  foregoing  data,  it  is  necessary  to  divide  them  into  classes  accord- 
ing to  the  nature  of  the  sewage,  as  follows :  Domestic  sewage  (sepa- 
rate system)  from  the  small  Massachusetts  cities;  domestic  sewage 
and  street  washings  (combined  system)  from  the  metropolitan  district 
of  London ;  and  the  domestic  sewage,  street  washings  and  trade  wastes 
(combined  system)  from  the  several  large  manufacturing  cities. 
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Table  XIII  shows  the  individual  data,  with  averages  of  the  com- 
position in  grams  per  capita  daily,  of  the  sewage  of  the  three  classes 
above  stated.  These  data  are  self-explanatory,  except  that  it  may  be 
stated  that  the  oxygen  consumed  in  each  case  refers  to  the  Kubel 
nl(?(ll*d  4uid  a  five-minute  period  of  boiling  in  accordance  with  the 
provisional  "t^HWUiihiun  factor  given  in  Table  X.  Regarding  the 
London  average,  the  flMfteu  .And  various  amounts  of  solids  are  based 
on  the  records  obtained  at  Bafkiilg  ffMMthern  outfall)  because  they^ 
are  more  numerous  than  those  available  from  t^MMMess  (southern  out- 
fall), and  also  for  the  reason  that  the  data  from  the  latter  «pe  com- 
plicated as  to  chlorine  and  dissolved  matters,  due  to  the  ground  water 
entering  the  outfall  sewer.  The  nitrogen  results  at  London  are  rather 
lower  than  is  expected  from  the  data  of  Dr.  Letheby,  and  for  this 
reason  the  estimated  average  as  stated  is  given  in  round  figures.  The 
total  nitrogen  in  each  average  is  an  estimate,  based  somewhat,  in  the 
absence  of  actual  data,  upon  general  information. 

It  is  true  that  the  average  data  for  the  several  classes  of  sewage 
as  here  presented  are  not  based  on  as  comprehensive  knowledge  of 
exact  local  conditions  as  is  desirable,  nor  do  they  in  every  instance 
include  the  records  from  as  many  cities  as  is  necessary  to  make  them 
thoroughly  representative.  To  persons  of  a  precise  turn  of  mind  it 
is  not  difficult  to  point  out  inconsistencies  and  the  lack  of  considera- 
tion of  important  features,  and  to  inquire  what  specific  influence  is 
produced  by  different  modes  of  living  of  the  population  considered; 
by  different  proportions  of  paved  streets,  by  pavings  of  different  kinds, 
and  by  the  cleanliness  with  which  the  streets  are  kept;  by  the  fre- 
quency and  intensity  of  rainfall  with  especial  reference  to  storm  over- 
flows in  the  trunk  sewers ;  and  by  differences  in  the  amount  and 
character  of  waste  products  of  various  industries. 

On  the  other  hand,  it  is  not  to  be  forgotten  that  these  estimated 
averages  are  ordinarily  far  safer  guides  than  are  results  of  many 
scattering  analyses,  as  will  be  appreciated  by  comparing  the  range 
in  quantities  given  in  Table  XIII  for  the  several  classes  of  sewage 
with  that  in  Table  I.  Again,  in  considering  sewage  disposal  prob- 
lems it  is  the  duty  of  the  engineer  and  sanitarian  to  give  due 
regard  to  the  future,  for  which  no  specific  individual  data  are  avail- 
able, and  judgment  must  be  based  on  well-digested  generalizations 
from  past  experiences  which  are  thoroughly  understood. 

Knowing  approximately   the   number   of   persons   connected   to   a 
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sewerage  system  and  the  average  flow,  which  information  within 
certain  limits  is  essential  for  the  proper  design  of  the  collecting 
sewers,  it  is  feasible  to  estimate  the  average  composition  of  the 
sewage  from  such  data  as  given  in  Table  XIII.  For  purposes  of 
ready  comparison  it  is  convenient  to  prepare  tables  showing  the  com- 
position of  sewage,  based  on  such  averages  and  corresponding  to  dif- 
ferent degrees  of  dilution.  It  is  unnecessary  to  burden  this  paper 
,with  such  voluminous  tables,  but  it  may  be  stated  here  that  '*  grams 
per  capita  daily*'  give  the  same  figures  for  the  several  constituents, 
corresponding  to  the  different  forms  of  expressing  the  analyses,  when 
the  volume  of  sewage  in  United  States  gallons  per  capita  daily  is  as 
follows  • 

Parts  per  million                  .  .  264.0  gallons. 

"       **    ioo,ocx)               .  .  26.4         " 

Grains  per  U.  S.  gallon      .  .  15.4         ** 

"        **    Imperial  gallon  18.5         " 

For  some  time  the  writer  has  used  tables  prepared  from  the  data 
of  Table  XIII  to  show  the  estimated  composition  of  sewage  corre- 
sponding to  a  wide  range  in  volume  per  capita,  and  has  found  them 
of  much  assistance. 

Before  dismissing  the  subject  of  the  average  composition  of  sewage 
it  may  not  be  amiss  to  mention  that  it  is  somewhat  surprising  to  note 
how  few  data,  which  may  be  used  for  this  J)urpose  even  with  moderate 
safety,  are  available  at  this  time,  fifty  years  since  systematic  sewage 
analyses  were  begun.  This  is  partly  due  to  the  fact  that  the  majority 
of  the  many  thousands  of  sewage  analyses  which  have  been  made  are 
not  representative  samples,  nor  are  the  individual  conditions  which 
they  represent  recorded  in  a  manner  to  permit  of  their  general  use. 
It  is  also  caused  in  part  by  the  tendency  of  the  past  dozen  years  to 
make  only  partial  analyses  for  the  purpose  of  indicating  quickly  and 
frequently  the  degree  of  purification  effected  by  purification  processes 
under  trial. 

Regarding  methods  of  sampling,  it  is  gratifying  to  note  that  there 
has  been  much  improvement  during  the  past  five  years  at  various 
places.  This  is  very  important,  as  it  is  easy  to  obtain  distorted,  data 
by  poor  sampling.  Looking  at  Table  I  it  is  seen  that  a  compari- 
son of  the  strongest  sewage  with  the  weakest,  even  if  no  purification 
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process  were  employed,  would  show  a  high  percentage  of  purification 
should  such  samples  be  collected  to  indicate  the  efficiency  of  a  process, 
as  is  quite  possible  under  some  circumstances,  especially  if  only  partial 
analyses  are  made. 

As  to  methods  of  analyses  as  regularly  practiced,  there  have  hot 
been  many  important  changes  in  thirty  years.  This  has  its  advan- 
tages and  disadvantages.  The  advantages  relate  to  the  comparable- 
ness  of  general  data  from  the  same  laboratory,  and  have  resulted  in 
a  large*  fund  of  information  to  assist  in  arriving  at  certain  leading 
features  in  connection  with  purification  processes.  The  disadvantages 
are  that  the  analytical  data  are  not  sufficiently  comprehensive  to  allow 
thorough  study  of  many  important  details  such  as  are  necessary  in 
considering  this  subject  to  its  logical  conclusions.  In  the  opinion  of 
the  writer  the  time  has  come  when  it  is  much  wiser  to  make  fewer 
analyses  and  make  them  more  complete,  as  well  as  having  the  samples 
more  thoroughly  representative,  not  only  of  sewage,  but  also  of  efflu- 
ents. It  is  also  important  to  see  that  the  samples  of  sewage  do  not 
change  materially  in  composition  during  the  interval  between  collec- 
tion and  examination. 

Returning  to  the  three  principles  of  sewage  disposal  stated  in  the 
first  part  of  this  paper,  it  may  be  said  that  in  connection  with  the 
preparatory  treatment  of  sewage  preliminary  to  filtration,  we  need 
more  data  regarding  both  the  quantity  and  quality  of  suspended  mat- 
ters in  various  classes  of  sewage.  This  refers  especially  to  the  organic 
matter  and  with  especial  reference  to  street  refuse  and  mill  wastes. 
The  latter  form  a  study  by  themselves,  and  in  manufacturing  cities 
should  be  studied  separately  from  the  domestic  sewage  so  far  as  esti- 
mates of  the  composition  of  sewage  are  concerned,  although  the  data 
in  the  last  column  of  Table  XIII  are  of  general  assistance.  At 
present  the  relative  amounts  of  organic  matter  in  solution  and  in  sus- 
pension in  sewage,  as  they  actually  exist  at  purification  works  (not  in 
the  laboratory),  are  not  well  known,  and  no  attempt  in  this  paper  has 
been  made  to  estimate  them,  except  so  far  as  indicated  by  loss  on 
ignition. 

Regarding  preparatory  treatments  for  sewage,  especially  the  septic 
process,  and  methods  of  filtration  involving  high  rates  with  a  degpree 
of  purification  sufficient  only  to  secure  a  stable  effluent,  it  is  believed 
that  detailed  studies  of  the  changes  in  the  organic  matter  similar  to 
and  extending  beyond  the  special  experiment  outlined  in  Table  VII 
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will  advance  our  practical  knowledge  of  these  processes  and  lead  to  a 
more  advantageous  application  of  them.  If  the  data  in  the  table 
mentioned  are  representative,  then  it  seems  that  albuminoid  ammonia 
determinations  are  of  far  less  value  than  the  organic  nitrogen  by  the 
Kjeldahl  method,  and  possibly  may  be  omitted  with  safety.  Cer- 
tainly they  now  do  not  seem  to  have  sufficient  value  to  be  made  to 
the  exclusion  of  the  Kjeldahl  process.  The  future  of  the  albuminoid 
ammonia  determination,  judged  strictly  on  its  merits,  appears  to  de- 
pend on  the  practicability  of  conversion  factors  such  as  already  noted 
on  p.  146,  when  considered  for  sewage  work.  This  remark  does  not 
apply  to  natural  waters.  It  seems  to  the  writer  that  the  time  is  ripe 
for  a  thorough  review  and  comparison  of  methods  for  determining 
organic  matter  in  sewage  on  a  scale  as  comprehensive  as  made  in 
connection  with  natural  waters  under  Professor  Mallet  for  the  National 
Board  of  Health  over  twenty  years  ago.  To  the  thought  of  the 
writer,  the  future  of  sewage  chemistry  cannot  depend  upon  the  ques- 
tion of  convenience  of  manipulation  in  the  laboratory,  or  that  of  the 
degree  of  skill  of  laboratory  assistants. 

Concerning  the  disposal  of  sewage  into  streams  and  ponds,  the 
statement  was  made  by  Dr.  Letheby  in  1867  that  (English)  sewage 
if  diluted  with  at  least  twenty  volumes  of  water  will  not  only  be 
made  inoffensive,  but  will  be  thoroughly  destroyed  after  flowing  a 
dozen  miles  or  so.  In  1878  the  River  Pollution  Commission  of  Great 
Britain  concluded  that  no  river  in  that  country  was  long  enough  to 
allow  a  complete  disappearance  of  sewage  matter  discharged  into  it. 
Mr.  Rudolph  Hering  concluded  in  1888  (see  Proceedings  for  that 
year  of  American  Public  Health  Association)  that  to  render  sewage 
inoffensive  to  communities  situated  on  a  stream  below  the  point  of 
discharge,  so  far  as  putrefaction  is  concerned,  it  is  necessary  to  have 
a  dilution  of  at  least  2.5  to  3  cubic  feet  p)er  second  per  thousand 
population  connected  to  the  sewerage  system.  In  1890,  the  Massa- 
chusetts State  Board  of  Health  published  a  report  by  Mr.  Stearns 
upon  this  matter,  in  which  he  reviewed  very  carefully  the  Massa- 
chusetts evidence  then  available,  and  including  an  estimate  of  the 
average  composition  of  sewage  (see  Table  III).  His  conclusions 
were  that  a  dilution  of  2.5  cubic  feet  per  second  per  thousanii  per- 
sons was  the  least  permissible,  and  that  under  certain  conditions  it 
might  be  necessary  to  have  7  cubic  feet  in  order  to  guard  against 
ofFensiveness. 
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In  England,*  several  river  boards  have  adopted  the  standard,  inde- 
pendent of  questions  of  infection,  of  i  grain  of  oxygen  absorbed  (4 
hours  at  80°  F.)  per  Imperial  gallon  for  the  purity  of  sewage  efflu- 
ents discharged  into  relatively  very  small  water  courses.  The  prac- 
ticability of  this  standard  has  been  exploited  by  means  of  the  so- 
called  incubator  test,  which  throws  much  light  upon  the  biological 
and  chemical  aspects  of  this  matter  of  non-putrescible  water. 

From  these  and  other  studies  of  an  engineering,  chemical,  and 
biological  nature,  fairly  satisfactory  general  rules  may  be  drawn  regard- 
ing the  amount  of  organic  matter  which  may  be  safely  discharg^ed 
into  streams.  But  for  certain  specific  cases  the  data  are  not  as  defi- 
nite as  desired,  and,  as  stated  by  Mr.  Freeman  in  his  report  to  the 
Charles  River  dam  committee,  it  was  necessary  to  make  further  studies 
in  order  to  learn  "  just  where  to  draw  the  line  in  avoiding  unnecessary 
expense."  The  reports  made  to  him  by  Mr.  Goodnough,  Mr.  Clark, 
and  Dr.  Field  were  of  much  assistance,  and  it  would  be  advantageous 
if  they  were  continued  and  made  to  cover  a  wider  range  of  condi- 
tions. 

In  studying  exhaustively  the  chemical  and  biological  changes  which 
take  place  in  polluted  waters,  and  the  conditions  under  which  putre- 
faction may  be  avoided,  it  is  believed  that  the  relative  significance 
should  be  studied  of  the  "absolute  oxygen-consuming  powers"  of  the 
organic  matter  in  sewage  or  effluent  expressed  in  terms  which  can  be 
readily  appreciated ;  of  the  oxygen  dissolved  in  the  sewage  or  effluent, 
together  with  that  which  may  be  yielded  by  nitrates,  sulphates,  and 
other  constituents  of  the  liquid;  of  the  oxygen  similarly  contained  in 
the  water  into  which  the  sewage  or  effluent  is  discharged ;  of  the  oxy- 
gen which  may  be  received  in  the  water  by  means  of  aeration  and 
from  higher  forms  of  vegetable  life ;  and  of  the  absolute  oxygen-con- 
suming powers  of  the  organic  matter  in  the  water  of  the  stream  and 
in  the  sediment  on  the  bottom  and  sides  of  the  stream  itself.  To 
these  factors  should  be  added  the  eiSfect  of  the  very  important  items 
of  tertperature  and  the  p)eriod  of  time  during  which  biological  changes 
may  take  place. 

The  above  paragraphs  may  give  the  impression  that  they  are 
written  without  due  appreciation  of  the  difficulties  involved  in  apply- 
ing the  suggestions  made,  and  of  the  adx'ance  in  knowledge  resulting 
from  chemical  and  biological  studies  as  they  have  been  made  in  the 
past  ten  years.     Such  an  impression  is  not  correct,  as  the  difficulties 
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attending  the  study  of  such  a  complex  subject  are  realized.  While 
it  is  not  feasible  to  develop  laws  of  mathematical  precision,  it  is  be- 
lieved that  it  is  possible  to  obtain  more  definite  knowledge  of  various 
factors  under  various  known  conditions.  As  to  the  part  played  by 
analytical  data  in  the  development  of  matters  of  sewage  disposal,  their 
value  has  unquestionably  been  great.  In  the  opinion  of  the  writer, 
however,  methods  employed  for  studying  the  composition  of  sewage 
in  its  various  phases  have  fallen  somewhat  into  a  rut.  It  seems  ques- 
tionable whether  the  amount  of  added  knowledge  which  may  be  ob- 
tained from  a  continuance  of  present  methods  year  after  year  is  going 
to  be  commensurate  with  the  cost.  In  fact,  it  seems  that  the  time  is 
approaching  when  it  is  worth  while  to  consider  a  recasting  of  the 
program  for  sewage  analyses.  This  may  be  thought  to  be  unwise 
because  future  data  would  not  be  comparable  with  the  past.  This 
objection  is  readily  met  by  stating  that  there  should  be  omitted  in 
the  future  no  determination  of  value.  In  fact,  it  is  more  complete 
data  which  are  now  needed.  Samples  for  analysis  should  be  more 
representative  and  should  be  freer  of  the  influences  of  changes  be- 
tween collection  and  examination.  Partial  analyses  should  not  refer 
to  certain  of  the  regular  tests,  but  6e  supplementary  to  full  analyses, 
and  with  new  methods  cover  special  points  as  they  arise.  By  such 
a  program,  even  if  necessary  to  reduce  the  cost  of  work  done,  it  is 
believed  that  practical  knowledge  of  the  composition  of  sewage  can  be 
placed  on  a  more  substantial  basis. 
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Analytical  Chemistry.^ 

American  chemists  and  students  of  chemistry  will  welcome 
Mr.  Hairs  translation  of  Dr.  Treadwell's  work  on  qualitative  analysis, 
for  a  most  excellent  book  has  been  rendered  into  good  English,  and  the 
clearness  and  precision  of  the  original  are  fully  preserved  in  the  transla- 
tion. The  fact  that  the  first  German  edition  was  exhausted  within 
two  years  from  its  issue  speaks  well  for  the  reception  which  it  has  met 
in  that  country,  and  it  seems  quite  certain  that  its  American  critics 
will  be  obliged  to  confine  themselves  mainly  to  a  simple  review. 

The  first  thirty-five  pages  of  the  book  are  devoted  to  "General 
Principles,**  and  contain  sections  on  oxidation,  reduction,  chemical 
mass  action,  ionization,  hydrolysis,  blowpipe  and  bead  reactions,  and 
reagents.  The  explanations  of  oxidation  and  reduction  are  beautifully 
simple,  and  the  illustrative  reactions  are  well  chosen  and  comprehen- 
sive. The  chemical  method  is  used,  while  some  chemists  might  per- 
haps prefer  the  more  modern  method  of  considering  oxidation  and 
reduction  a  simple  addition  or  subtraction  of  electrical  charges.  The 
chapters  on  chemical  mass  action  and  the  ion  theory  of  Arrhenius, 
as  well  as  the  application  of  both  to  the  question  of  hydrolysis  and 
indicators,  is  so  simply  stated  that  only  the  dullest  of  students  can 
fail  of  comprehension.  The  strength  of  reagents  recommended  is 
based  upon  the  idea  of  equivalents  ;  twice  normal,  normal,  and  half 
normal  solutions  are  used,  so  far  as  possible,  in  the  hope  that  the 
student  will  carry  along  the  idea  of  quantity  as  well  as  kind  through- 
out the  analysis. 

The  following  two  sections,  **  Reactions  of  the  Cathions,"  and  ''Ani- 
ons," occupy  328  pages.  Here  will  be  found  the  chief  value  of  the 
book  as  a  work  of  reference,  for  the   properties  and  reactions  of  the 


1  Treadwell,  F.  P.  Analytical  Chemistry.  Translated  from  the  second  German  edi- 
tion by  William  T.  Hall.  Volume  I.  Qualitative  Analysis.  New  York:  John  Wiley  & 
Sons.    $3.00. 


I 


1 62  Book  Reviews. 

metals  and  the  metalloids  are  gathered  together  for  the  purpose  of 
the  analyst  in  a  manner  that  is  unsurpassed.  Italics  are  frequently 
but  not  excessively  used.  Structural  formulas  are  most  clearly  drawn, 
and  must  form  an  important  element  in  the  instruction.  No  attempt 
is  made  to  make  the  method  of  instruction  hinge  entirely  upon  modern 
physical  chemistry,  but  the  important  deductions  from  the  theory  of 
dissociation  and  the  action  of  mass  are  frequently  pointed  out  and 
their  application  explained.  Reversible  reactions  are  frequently  exem- 
plified and  methods  of  overcoming  the  difficulties  arising  therefrom 
in  analysis  made  clear.  Altogether,  these  sections  of  the  book  can- 
not be  praised  too  highly,  and  the  reviewer  knows  of  no  book  to 
which  he  would  rather  refer  students  for  the  properties  and  reactions 
of  the  ions. 

The  section  on  "  Course  of  Analysis,"  containing  forty  pages,  Is 
undoubtedly  the  one  upon  which  the  greatest  difference  of  opinion 
will  arise  among  chemists.  It  is  unusually  full  and  complete,  omitting 
little  but  the  rare-earths.  It  seems,  however,  to  be  rather  complicated 
and  somewhat  disconnected,  and  it  is  doubtful  if  the  almost  complete 
course  of  blowpipe  analysis,  which  is  required  in  the  examination  pre- 
liminary to  the  regular  analysis,  will  meet  with  general  approval. 
Bunsen's  classifications  for  acids  is  used.  The  tables  for  the  common 
metals  present  no  unusual  feature. 

The  supplement  of  fifty  pages,  upon  the  *'  Reactions  of  some  of  the 
Rarer  Metals,*'  is  of  decided  importance,  and  is  simply  a  continuance- 
of  the  section  on  "  The  Reactions  of  the  Metals  "  and  of  much  the 
same  character.  Some  of  the  metals  have  group  separations  outlined 
for  them,  but  a  general  and  simple  scheme  of  analysis,  which  is  so 
much  needed,  is  not  given. 

A  most  excellent  colored  spectroscopic  chart  takes  the  place  of  a 
frontispiece. 

As  a  whole  the  book  is  chiefly  remarkable  for  the  clearness,  preci- 
sion, and  abundance  of  the  subject-matter  presented.  No  words  are 
wasted.  Americans  will  probably  use  the  book  more  for  reference  in 
connection  with  some  of  our  own  excellent  manuals  than  as  a  labo- 
ratory text-book.  It  should,  however,  be  recommended  to  every  stu- 
dent of  qualitative  analysis  for  his  study  desk. 

The  book  is  well  indexed,  and  is  clearly  printed  on  good  paper. 

Charles  Lathrop  Parsons. 
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REPORT   UPON  ENGINEERING  EDUCATION} 

By   ELMER   L.    CORTHELL,   C.E.,   D.Sc. 

It  is  now  nearly  a  decade  since  the  inception  of  •  the  University 
of  Chicago,  and  since  I  wrote  an  earnest  letter  urging  the  establish- 
ment of  an  engineering  school  of  high  order  in  connection  with  it. 
The  efforts  to  establish  such  a  school  have  thus  far  been  without 
success. 

In  1 89 1,  while  making  engineering  examinations  in  Europe,  I  under- 
took to  gather  some  information  and  opinions  on  the  subject.  Illness 
and  pressing  business  prevented  any  further  active  efforts  in  this  direc- 
tion until  the  last  summer  and  fall,  when  it  was  my  good  fortune  to 
spend  six  or  seven  months  on  an  extended  professional  tour  for  the 
examination  of  various  kinds  of  engineering  works  from  the  north  of 
Ireland  and  Scotland  to  Russia  and  Hungary.  I  made  the  best  possi- 
ble use  of  the  opportunity  to  examine  engineering  schools,  to  confer 
with  their  professors,  to  talk  with  engineers,  to  obtain  descriptive 
catalogues  and  the  calendars  of  the  institutions,  to  ascertain  the  differ- 
ent methods  of  engineering  education  in  the  various  countries  \isited, 
and  to  observe,  so  far  as  I  was  able,  the  effect  upon  the  engineering 
profession  and  its  works  of  thorough  education  and  the  lack  of  it. 


^Prepared  with  reference  to  a  proposed  School  of  Engineering  at  the  University  of 
Chicago. 
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In  addition   to   these   personal   observations,  inquiries  and  confer- 
ences, I  have  conducted  during  seven  years  an  extensive  correspond- 
ence.    As  chairman  of   the  General    Committee   of   the    Engineering" 
Congress  held  in  Chicago  in   1893,  I  had  charge  for  two  years  of"  a, 
correspondence  with  engineers  in  forty-three  different  countries,  which 
led  to  a  valuable   personal  or  correspondence  acquaintance  with   my 
profession,  and  this  has  enabled  me  to  gain  easily  much  information 
which  otherwise  it  might  have  been  difficult  to  obtain.      During  th^ 
last  seven  months  I  have  taken  up  this  correspondence  again  in  ordei" 
to  obtain  some  information  and  views  from  countries  which  I  was  not 
able  to  visit. 

It  would  be  manifestly  impracticable  to  do  more  than  to  give  th^ 
very  briefest  digest  of   this  mass  of   information.     I   propose  to  give, 
cursorily,   the   present   methods   of   teaching   engineering,    taking   th^ 
schools  in  fairly  good  geographical  order,  beginning  in  the   north  o£" 
Ireland,  and  going  as  far  east  on  the  Continent  as  the  methods  haver 
come  under  my  notice.     In  order  to  make  comparisons  with  schools 
in  the  United  States,  I  shall  select  two  from  among  the  many  in  ouir 
country  for  a  brief   re\iew  of   methods  there.      In  reference   to  this 
selection  of   American  schools   I  would   not   have  it   understood  that 
it   is  made  because   I   consider  these  schools  superior  to  others,  but 
because  they  are  fair  examples  of  the  highest  order  of  schools  in  our 
country. 

To  endeavor  to  draw  conclusions  as  to  the  best  methods  would 
require  more  courage,  and  possibly  more  assurance,  than  would  be 
expected  of  a  layman,  particularly  since  the  doctors  in  engineering 
differ  radically  among  themselves,  not  only  in  regard  to  details,  but 
even  regarding  the  general  character  and  extent  of  the  education. 

I  cannot  safely  do  more  than  give  my  recommendations  as  to  the 
kind  and  character  of  school  we  ought  to  have  to  harmonize  with  the 
principle  upon  which  the  university  was  based  by  its  founder,  which, 
I  believe,  was  to  enable  our  young  people  to  obtain  in  the  United 
States  the  advanced  education  which  they  might  need,  or  might  desire, 
without  being  obliged  to  go  across  the  ocean  to  find  it. 

With  this  cardinal  purpose  in  mind,  the  drift  of  the  remainder  of 
this  report  will  be  understood,  appreciated,  and  assented  to  by  all. 

With  this  brief  introduction  we  are  now  ready  to  describe  the 
institutions  in  the  various  countries. 
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Ireland. 

Three  colleges,  affiliated  with  the  Royal  University  of  Ireland, 
have  a  School  of  Engineering  —  Belfast,  Galway,  and  Cork.  The 
degree  of  Bachelor  of  Engineering  is  given,  and  later,  not  less  than? 
a  year,  the  degree  of  Master  of  Engineering.  Candidates  for  Bachc^ 
lor  of  Engineering  must  pass  five  examinations,  requiring  four  years 
of  study,  viz.,  the  matriculation,  first  university,  first  professional,, 
second  professional,  and  the  degree  examination.  The  first,  or  ma- 
triculation, examination  requires  a  previous  preparatory  course  in,  or 
knowledge  of,  Latin  and  either  Greek  or  one  of  eight  other  lan~ 
guages,  English  language  and  literature,  elementary  mathematics,  and 
natural  philosophy.  The  first  two  examinations  are  identical  for  all 
students  of  the  university,  so  that  the  beginning  of  the  second  year 
is  the  point  of  divergence  for  the  professional  course.  There  are  three 
of  these  professional  examinations,  each  in  four  subjects,  embracing^, 
first,  mathematics,  experimental  physics,  systematic  chemistry,  draw- 
ing, and  descriptive  architecture ;  second,  mathematics,  mathematical- 
physics,  practical  chemistry,  and  practical  engineering ;  and  third,  mathe- 
matical physics,  geology  including  physical  geography,  civij  engineer- 
ing, and  drawing.  The  course  for  the  degree  of  Master  of  Engpjieering 
requires  applied  natural  philosophy  and  engineering. 

It  will  be  seen  from  the  above  that  engineering  per  se  holds  na 
prominent  position  in  the  course ;  the  fact  that  there  is  only  one  pro- 
fessor of  civil  engineering  at  Belfast  is  confirmation  of  the  statement. 

The  School  of  Engineering  at  Cork  is  supplied  with  an  Adge 
cement-testing  apparatus,  a  Thurston  testing  machine,  and  a  thirty- 
ton  Wicksteed  testing  machine. 

The  principle  of  the  course  seems  to  be  to  give  the  student  a 
good  general  education  and  sufficient  technical  knowledge  to  make 
him  useful  as  an  apprentice  in  some  prominent  practicing  civil  engi- 
neer's office  or  mechanical  engineering  works,  to  which  he  is  articled 
on  graduation,  if  he  is  fortunate  enough  to  find  an  employer. 

This  principle  and  method  are  illustrated  in  the  excellent  School 
of  Engineering  (Trinity  College)  at  the  University  of  Dublin.  Here 
the  student,  in  order  to  obtain  a  "  License  in  Engineering,"  must  have 
not  only  completed  his  course  in  the  engineering  school,  requiring 
three  years,  but  also  the  first  two  years  in  the  cour.se  in  arts.  To 
obtain  the  degree  of  B.E.  he  must  have  not  only  completed  the  engi- 
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neering  course,  but  also  graduated  in  arts,  which  requires  a  good 
knowledge  of  Latin  and  Greek.  The  degree  of  M.E.  requires  actual 
practice  for  three  years  upon  engineering  works.  An  examination  of 
this  school  and  its  methods,  of  which  I  was  informed  fully  by  one  of 
the  leading  professors,  and  a  study  of  the  regulations  and  course  of 
study  led  me  to  believe  that  a  high  order  of  theoretical  and  practical 
education  must  result.  The  views  of  the  professor  referred  to  above 
jnay  be  understood  from  the  following  brief  memorandum  from  my 
notebook :  **  They  do  not  give  an  engineering  degree  or  any  university 
degree  without  a  course  in  arts,  the  plan  being  to  give  first  a  liberal 
education  and  then  a  professional  education,  considering  it  wisest  to 
give  the  young  man  for  his  life  work  the  breadth  and  scope  and  in- 
tellectual grasp  that  can  only  come  from  a  liberal  education  with  its 
mental  training." 

The  Royal  School  of  Science  for  Ireland  is  also  located  in  Dublin^ 
and  is  under  the  department  of  science  and  art.  South  Kensington, 
which  has  undertaken  the  management  of  several  technical  and  indus- 
trial schools  in  Great  Britain. 

Scotland. 

At  Dundee  is  University  College^  a  part  of  St.  Andrew's  University. 
It  has  a  department  of  engineering,  well  equipped  with  modern  appli- 
ances  and   everything  required  for  research  and  experiment.     Three 
years  of  study  in  engineering  and  science  are  required  for  the  degree 
-rf  B.Sc.  in  engineering,  which  is  given  by  the  university.     A  thorough 
•course   of   study,  with   apparatus  for  experiments  and  illustrations,  a 
isteaim  engine  of  75   H.  P.,  a  gas  engine  of   10  H.  P.,  a  high-pressure 
tubular  boiler,  various  testing  machines  (one  testing  up  to  fifty  tons) 
and   a   number  of   appliances   for   experimental   work,   with   dynamos, 
electric  machines,  and  an  extensive  apparatus  for  electrical  laboratory 
work,  all  place  this  excellent  school  in  a  high  rank  among  the  engj^ 
neering  schools  of    Great   Britain.     One  advantage,  which   would   not 
appear  if   the  engineering  school  alone  is   spoken  of,  is  the  teaching 
of   allied   sciences   in    the    Dundee   college  —  chemistry,  mathematics, 
and  natural  philosophy,  including  mechanics,  kinetics,  hydrostatics,  optics, 
thermodynamics,  magnetism,  and  electricity.     Electrical  engineering  is  . 

taught  in  connection  with  this  science  department.     Instruction  in  all  / 

these  physical  sciences  of  the  university  is  fully  supplemented  by  welk 
equipped  laboratories. 


\ 
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The  University  of  Edinburgh  is  giving  more  attention  than  formerly 
to  engineering  education.  Seven  years  ago,  when  I  made  my  first 
examination  into  this  subject  in  Europe,  the  beginnings  of  a  "plant" 
were  being  installed,  boiler,  engine,  etc.  The  engineering  department 
is  now  well  advanced  in  these  facilities.  It  is,  however,  uphill  work  to 
obtain  the  costly  apparatus  required  to  keep  abreast  of  the  times  in 
appliances  used  in  other  countries,  on  account  of  the  great  difficulty 
in  obtaining  the  means  to  furnish  adequately  the  department  with 
what  it  needs ;  in  fact,  this  is  the  keenly  felt  want  almost  anywhere 
in  Great  Britain,  as  it  is  in  the  United  States.  On  the  Continent  it 
is  different,  for  the  State  takes  a  paternal  and  active,  and  generally 
controlling,  interest  in  education,  particularly  technical  and  industrial 
education,  as  we  shall  see  further  on. 

There  are  four  faculties  in  the  Edinburgh  University  —  arts,  law^ 
medicine,  and  divinity.  The  science  features  are  included  in  arts,  and 
there  is,  of  course,  the  department  of  engineering,  its  object  being  the 
practical  application  of  the  scientific  studies  to  the  various  branches  of 
engineering.  The  course  is  two  years.  The  university  confers  the 
degrees  of  Bachelor  and  Doctor  of  Science. 

The  University  of  Glasgow  will  celebrate  its  four  hundred  and  fiftieth 
anniversary  in  1900,  for  in  1450  it  was  founded  by  Pope  Nicholas  V. 
In  1 840  Queen  Victoria  founded  a  special  chair  of  civil  engineering  and 
mechanics.  The  engineers  of  whose  lives  and  usefulness  Samuel  Smiles 
has  told  the  world  had  already  left  their  impress.  Telford,  Smeaton^ 
Stephenson,  Brunei,  and  many  other  remarkable  men  had  founded  a 
new  profession,  which  before  the  end  of  the  nineteenth  century  was 
destined  to  take  rank  .with  the  learned  professions.  There  are  four 
courses  to  obtain  the  degree  of  B.Sc. :  civil  engineering,  chemical 
and  mining  engineering,  mechanical  and  electrical  engineering,  and 
naval  architecture  and  marine  engineering.  The  courses  of  study  are 
arranged  accordingly,  though  as  published  by  Professor  Rankine,  in 
1865,  they  are  not  intended  in  any  way  to  compete  "with  the  offices 
of  civil  engineers,"  where  the  young  men  were  taught  practical  engi- 
neering. 

There  is  now  a  chair  of  naval  architecture,  the  occupant  of  it  being; 
the  distinguished  naval  architect.  Professor  J.  H.  Biles. 
'    'The  University  of  Glasgow  proposes  to  the  student  of  engineering  a 
complete  general  or  liberal  education  as  a  necessary  feature ;  evidently  for 
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the  purpose  of  sending  out  strong,  able  men  with  an  education,  broad 
not  only  in  science,  but  in  humanities  as  well.  Its  latest  requirements 
for  obtaining  the  degree  of  Bachelor  of  Science  in  Engineering,  that 
of  the  present  year,  1 897-98,  compel  a  successful  preliminary  examina- 
tion in  arts,  —  English,  Latin  or  Greek,  mathematics,  and  one  of  the 
following  modern  languages,  French,  German  or  Italian.  The  details 
of  the  required  knowledge  in  each  show  that  no  smattering  of  any  of 
them  will  avail  the  candidate;,  he  must -have  a  thorough  as  well  as 
extensive  knowledge  of  each  subject,  and  in  mathematics  the  student 
must  pass  in  dynamics  as  well,  including  kinematics,  kinetics,  statics, 
aiid  hydrostatics. 

Of  course  an  actually  earned  degree  in  arts  and  sciences  in  any  of 
the  universities  of  the  United  Kingdom  is  equi\^lent  to  a  successful 
examination. 

I  have  given  special  prominence  to  Glasgow  University,  as  it  is  one 
of  the  four  that  demand  an  advanced  preliminary  education  in  liberal 
studies,  and  because  from  personal  conference  I  am  sure  it  has  as  high 
an  aim  and  as  wide  a  scope  in  its  education  of  engineers  as  can  be 
found  anywhere,  although  it  may  content  itself  with  less  practical  teach- 
ing of  engineering,  in  laboratory  and  workshops,  than  we  will  find  else- 
where as  we  go  on  with  the  description  of  the  various  schools  of 
Europe. 

It  is  evident,  however,  that  with  such  requirements  for  admission 
to  its  engineering  department,  and  with  at  least  three  years  required 
in  that  department  to  obtain  the  degree  of  Bachelor  of  Science  in  Engi- 
neering, the  most  complete  and  thorough  education  is  certain  to  result. 

England. 

The  Durham  College  of  Science^  at  Newcastle-upon-Tyne,  is  one  of 
the  most  progressive,  earnest,  and  practical  schools  in  Europe.  It  could 
hardly  be  otherwise,  located  as  it  is  in  that  great  hive  of  industry,  where, 
from  the  great  Armstrong  works  down  to  the  minor  manufactories  of 
various  kinds,  almost  every  branch  of  constructive  engineering  work 
is  carried  on,  a  section  of  country  growing  with  great  rapidity  in  com- 
merce, industry,  and  population. 

The  college  forms  an  important  part  of  the  University  of  the  North 
of  England.  In  all  the  natural  sciences  and  all  departments  of  engi- 
neering the  instruction  is  complete  and  practical.      The  laboratories, 
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chemical,  physical  and  engineering,  are  well  supplied  with  all  necessary 
facilities  for  thorough  examinations  and  research.  Students  to  be 
admitted  must  be  sixteen  years  old. 

The  course  in  all  branches  of  engineering  and  naval  architecture 
extends  over  three  years ;  students  can  then  be  examined  for  the  degree 
of  B.Sc,  two  years  afterwards  for  M.Sc,  and  not  less  than  seven 
years  after  that  for  Dr.Sc,  providing  they  have  reached  the  age  of 
thirty  years. 

There  is  a  preliminary  examination  in  arts  for  graduation  in  science, 
or  there  must  be  shown  by  the  candidates  in  lieu  of  it  a  :ertificate  of 
graduation  in  arts  at  one  of  the  several  universities  of  nigh  rank,  in- 
cluding Oxford,  Cambridge,  Edinburgh,  Glasgow,  Dublin,  McGill  Col- 
lege (Montreal),  and  some  colleges  and  universities  of  the  colonies,  or 
they  must  show  a  certificate  of  having  passed  the  examination  for  the 
degree  of  B.Litt.  in  the  University  of  Durham. 

This  preliminary  examination  assumes  a  fairly  good  general  edu- 
cation, as  will  be  seen  from  the  requirements  for  March  and  September 
of  the  past  year.  Candidates  must  pass  at  the  same  examination  in 
four  of  the  following  subjects,  of  which  two  at  least  shall  be  languages : 
I.  Xenophon*s  "  Anabasis,'*  Book  I.     2.  Cicero,  "deAmicitia."    3.  Sou- 

'  A^estre,  "  Le  Philosophe  sous  les  Toits."     4.  Hauff,  **Die  Karavine.'* 

5.  Mechanics,  hydrostatics,  and  pneumatics.  6.  Euclid,  Books  IV  and 
VI.      7.    English  history,  William    I   to    Henry   II.       8.    Geometrical 

I  optics.     9.   Logic.      The  subjects  of  the  examinations  at  the  end  of 

each  of  the  three  years  show  that  a  most  comprehensive  scientific 
and  engineering  knowledge  is  required. 

The  engineering   laboratory  is   worthy  of   detailed  mention,   as  it 

j  has  some  excellent  and  one,  at  least,  very  remarkable  engine  for  experi- 

mental purposes.  This  is  a  vertical,  quadruple  expansion,  surface  con- 
densing steam  engine,  with  four  separate  cranks,  working  it  up  to 
2CX)  H.  P. — really  separate  engines,  for  they  can  be  worked  single, 
double,  triple  or  quadruple  expansion  at  any  degree  of  expansion  in  each 

i  cylinder,  with  various  ratios  of  cylinders  and  receivers,  various  angles  of 

I  cranks,  with  or  without  jackets  with  steam  pressures  up  to  210  pounds 

per  square  inch.  A  specially  designed  hydraulic  dynamometer  is  fitted 
to  it  and  arranged  with  gear  for  autographically  reading  the  effective 
work  transmitted  through  the  shaft ;  it  also  has  all  the  necessary 
arrangements  for  measuring  the  water  —  feed,  circulatory,  and  con- 
densed—  in  jackets,  cylinders,  and  steam   chests.     This  complete  ex- 
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perimental  engine  was  designed  by  the  professor  of  engineerings 
R.  L.  Weighton.  One  of  the  remarkable  incidents  about  its  con- 
struction was,  that  the  plans  for  separate  parts  were  given  to  forty- 
six  different  manufacturing  concerns,  and  when  it  was  assembled  and 
put  together  into  working  shape  at  the  college  every  part  fitted  its 
place  perfectly. 

There  are  also  horizontal  coupled  compound  steam  engines,  gas 
engines,  compound  Parsons  turbine  motor  and  dynamo,  testing  appa- 
ratus of  many  kinds,  machine  tools,  drills,  planes,  lathes,  etc.  The 
course  in  this  laboratory  extends  over  the  three  entire  years.  It  is 
intended  to  serve  two  purposes:  one  to  give  practical  demonstration 
of  the  subject-matter  of  the  studies,  and  the  other  to  provide  means 
for  original  research  for  the  senior  students  in  various  fields  of  engi- 
neering practice.  "  It  is  not  at  all  intended  as  a  school  for  teaching 
the  use  of  tools,  except  in  so  far  as  this  may  be  acquired  incidentally." 
In  fact,  the  personally  expressed  opinion  of  Professor  Weighton,  who  is 
a  practical  steam  engineer  of  extensive  practice,  was  decidedly  opposed 
to  the  method  of  teaching  the  use  of  machines  and  requiring  or  permit- 
ting the  pupils  to  do  work  in  the  school.  If  they  do  this,  as  they  go  on 
with  the  theory  they  have  little  appreciation  of  the  work  and  look  upon 
it  as  so  much  recreation  and.  play.  He  advises  th^  boys  to  have  two 
years  in  a  shop  before  they  come  to  the  school,  then  they  realize  how 
valuable  the  theory  is  going  to  be  to  them  and  do  not  waste  their  time. 
The  school  has  an  arrangement  with  good  establishments  in  the  vicin- 
ity, where  the  students  can  work  from  Easter  to  the  fall  term.  In 
reference  to  this  quite  important  question,  some  experience  by  the 
Armstrongs  is  of  value.  Industrial  schools  were  established  by  this 
company  at  their  works  to  teach  boys  practical  mechanical  engineer- 
ing. The  foremen  and  superintendents  of  the  works  taught  them,  and 
they  did  exceedingly  well  and  the  project  was  a  success;  but  the 
school  was  turned  over  to  the  South  Kensington  management  and 
the  "  scientific  *'  professors  took  charge.  It  failed  from  that  moment, 
as  the  foremen  and  superintendents  were  unwilling  to  teach  under 
their  control.  They  are  of  the  opinion  at  those  works,  and  from  this 
experiment,  that  if  the  boys  are  to  be  taught  to  do  actual  work  it 
should  be  done  under  practical  mechanics,  and  they  are  of  the  fur- 
ther opinion  that  the  teaching  of  machinery  work  in  the  schools  is  a 
mistake. 
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Yorkshire  College^  Leeds,  This  is  one  of  the  colleges  of  Victoria 
•University  ;  two  other  colleges  are  included,  University  College,  Liver- 
pool, and  Owens  College,  Manchester.  The  requirements  for  admis- 
sion to  the  engineering  department  is  the  same  in  all,  which  is  to 
pass  the  Victoria  preliminary  examination,  or  present  certificates  of 
graduation  from  other  well-known  universities  in  Great  Britain.  This 
"  preliminary  "  is  practically  the  examination  in  the  Victoria  University 
at  the  end  of  the  first  year  of  study,  and  it  embraces  English  language 
and  history,  geography,  pure  mathematics,  and  three  of  the  following 
subjects,  one  of  which  must  be  a  language  —  Greek,  Latin,  French, 
German,  elementary  mechanics,  chemistry,  and  physiology. 

The  engineering  department  is  not  large,  as  the  extent  of  facilities 
in  the  laboratory  is  limited  to  sixty  students.^  Notwithstanding  its 
limited  numbers,  it  deserves  a  prominent  place  in  any  category  of  engi- 
neering schools  on  account  of  the  character  of  the  laboratory  facilities, 
the  methods  of  teaching,  and  the  practicability  of  its  work.  The  prin- 
cipal professor  is  Mr,  John  Goodman,  an  engineer  of  twelve  years' 
practice,  and  thoroughly  informed  by  personal  examinations  as  to  the 
best  schools  in  the  United  States,  Canada,  and  the  Continent ;  his 
views  and  his  system  of  teaching  are  worthy  of  some  notice  here. 

The  principle  underlying  the  method  is  that  *'the  scientific  training 
at  the  college  must  be  regarded  as  a  means  of  acquiring  principles  that 
underlie  the  art  of  engineering,  and  the  training  in  the  works  as  neces- 
sary for  acquiring  the  art  itself."  Which  remark,  taken  from  the 
Calendar  of  1897,  refers  mainly,  no  doubt,  to  mechanical  engineering. 
The  work  in  the  laboratory  consists  chiefly  of  making  experiments 
and  testing,  and  it  is  definitely  understood  that  **no  instruction  is 
given  in  the  use  of  either  hand  or  machine  tools."  It  is  suggested 
that  it  would  be  very  well  for  students  before  entering  the  college  to 
have  some  practical  experience  in  engineering  works.  The  courses  of 
study  and  the  subjects  taken  up,  both  in  civil  and  mechanical  engineer- 
ing, cover  the  whole  ground  and  go  to  the  extent  required  in  any  col- 
lege of  engineering,  the  last  of  the  three  years  being  devoted  to  the 
constructive  work  which  the  students  are  to  enter  upon  on  graduation. 

In  mechanical  engineering  an  excellent  feature  is  the  illustration 
of  the  subjects  by  an  arc  light  lantern,  which  is  switched  on  at  a  mo- 
ment's notice  and  used  in  broad  daylight.  There  are  at  hand,  con- 
venient for  this  purpose,  over  2,000  lantern  slides.  As  it  would  require 
too  much  time  for  the  student  to  sketch  in  his  notebook  from  these 
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views,  duplicates  of  them  in  photographs,  about  2\  inches  square,  are 
given  out  for  pasting  into  the  ** final  copy"  notebooks.  Skeleton  dia- 
grams, taken  from  the  blackboard  illustrations,  are  sketched  in  the 
notebooks  by  the  side  of  the  prints.  They  cost  the  college  a  little 
over  one  cent  each. 

The  laboratqry  work  is  an  important  feature  of  the  course;  two 
days  per  week  are  given  to  it,  and  work  there  is  intended  to  illustrate 
the  lectures  and  to  be  done  concurrently  with  them.  The  experiments 
are  on  full-sized  work,  not  "toy"  experiments.  The  lOO-ton  Buchton 
testing  machine  actually  tests  full-sized  bridge  ties,  struts,  columns, 
rolled  joists,  girders,  rails,  chains,  ropes,  etc. 

A  lighter  testing  machine  is  used  for  tension,  torsion,  and  bending ; 
another  for  studying  effects  of  repeated  loads  on  materials  ;  a  wire  test- 
ing machine  is  provided  ;  also  the  usual  experimental  and  fully  equipped 
steam  engines;  an  actual  Warren  girder,  14  feet  span,  for  ascertaining 
deflections  under  load ;  hydraulic  appliances ;  centrifugal  pump,  lifting 
75,000  gallons  per  hour;  Pelton  wheel;  meter;  weirs;  etc. 

As  to  examinations.  Professor  Goodman,  in  the  discussion  of  a 
paper  by  Professor  George  F.  Swain,  Massachusetts  Institute  of  Tech- 
nology, read  before  the  Engineering  Congress  held  at  Chicago  in  1893, 
on  "  Comparison  between  American  and  European  Methods  in  Engi- 
neering Education,"  gave  his  method  at  Leeds.  At  the  end  of  the 
first  year  he  gives  the  men  a  problem  of  some  actual  work  to  carry 
out,  and  a  week  in  which  to  do  it ;  when  the  paper  comes  in  the  stu- 
dent certifies  that  he  has  had  no  assistance  whatever,  and  presents  full 
notes  of  his  process.  At  the  end  of  the  second  year  he  gives  a  set 
of  problems  and  allows  them  to  use  their  own  notebooks,  just  as  they 
would  do  in  after  life.  At  the  end  of  the  third  year  an  ordinary  exam- 
ination is  held  and  it  is  done  in  the  ordinary  way,  a  certain  number 
of  questions  are  given  and  sufficient  time  is  allowed,  generally  a  whole 
day,  in  which  to  answer  them. 

It  is  a  question  whether  large  available  funds  for  the  purchase  of 
workshop,  tools,  and  machinery  in  this  and  other  schools  of  Great 
Britain  would  not  lead  to  the  use  of  tools  and  to  actual  work;  that 
is,  if  they  had  the  means  to  do  what  is  done  in  the  Massachusetts 
Institute  of  Technology,  or  Sibley  College,  Cornell  University,  would 
it  not  be  done.?  To  attempt  it,  however,  unprovided  with  full  shop 
facilities,  which  nearly  all  the  colleges  in  Great  Britain  lack,  would,  in 
the  opinion  of    Professor  Goodman,  be  useless  and  a  waste  of  time. 
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1  believe  from  the  pronounced  opinion  on  this  subject  by  several  able 
educators  they  disbelieve  in  that  method  of  teaching,  and  had  they 
extensive  laboratories  they  would  still  teach  as  they  do,  very  much  as 
we  shall  see  it  done  at  Ziirich,  Switzerland,  where  we  find  the  finest 
laboratories  in  the  world. 

University  College y  Liverpool,  The  well-known  Professor  H.  S. 
Bele-Shaw  is  in  charge  of  the  engineering  department.  We  are  met 
at  once  with  a  near  approach  to  the  methods  found  in  some  of  the 
largest  schools  in  the  United  States. 

In  addition  to  the  usual  feature  of  engineering  schools  of  supple- 
menting the  ordinary  professional  training  by  systematic  technical  teach- 
ing, with  the  usual  lecture  halls,  museum,  class  rooms,  and  drawing 
rooms,  it  has  a  large  laboratory  and  workshop,  where  we  find  various 
engines,  testing  machines,  and  machine  tools,  "enabling  the  students 
to  combine  practical  and  theoretical  teaching,"  **the  application  of 
scientific  principles  to  practice." 

As  the  same  general  preliminary  instructions  and  training  as  in 
practice  is  required  of  all  students  preparing  for  any  department  of 
engineering,  the  first  two  years  is  practically  the  same  for  all.  In  the 
third  year  they  specialize  in  some  particular  branch. 

The  same  feature  prevails  here  that  is  found  in  all  British  schools 

^  and  is  still  observed  in  after  practice,  viz. :  apprenticeship  and  pupilage, 

where  the  young  man  becomes  an  ** articled  pupil"  or  "apprentice"  in 

some  civil  engineer's  oflfice,  or  in  some  engineering  construction  works. 

The  course,  as  usual,  extends  over  three  years. 

The  definite  purpose  of  teaching  the  use  of  tools  is  brought  out  in 
the  Calendar : 

In  the  first  year  students  spend  four  hours  in  the  Woodworking  Department, 
and  before  proceeding  to  actual  pattern-making  are  required  to  do,  satisfactorily,  a 
certain  number  of  exercises  at  the  bench  and  lathe.  Seven  hours  per  week  are 
spent  in  the  main  workshop  at  the  vise,  lathe,  and  other  tools,  the  object  in  view 
being  to  impart  an  acquaintance  with  the  use  of  tools,  and  some  idea  of  working 
to  a  drawing. 

Students  in  the  second  year  are  required  to  spend  one  afternoon  at  pattern- 
making,  two  mornings  in  the  main  workshop,  and  one  morning  in  the  testing  de- 
partment. They  are  allowed  to  prepare  test  pieces  and  experimental  apparatus  for 
their  own  use.  Students  in  mechanical  engineering  (second  year)  take  a  special 
course  of  workshop  practice  instead  of  surveying  during  the  summer  term. 

Students  in  the  third  year  go  through  a  series  of  steam  engine  trials  on  the 
expenmental  steam  engines,  gas  engines,  and  other  motors,  in  the  laboratory,  thor- 
oughly working  out  all  results.     In  addition  to  thb,  experiments  on  larger  engines 
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are  undertaken,  with  the  kind  permission  of  users  of  power  in  the  neighborViood. 
A  course  of  experiments  on  hydraulics  is  arranged,  and  also  a  further  course   o( 
the  testing  of  materials.     The  testing  machines  and  workshops  are  availab>le    lor 
carrying  out  experimental  research. 

That  the  college  is  prepared  to  carry  out  this  program  is    sl^ov/ti 
by  the  list  of  machine  tools  in  the  workshop,  which  as  one  item    coTt\' 
prises  fifteen  lathes  for  metal  work  and  ten  for  wood  work,  withi    otViet 
machines  of  various  kinds  for  actual  work. 

The  proposition  has  recently  "been  urged  to  establish  here  ix^  this 
great  center  of  commerce  a  chair  of  naval  architecture,  as  at  tlr^^  tvro^ 
great  centers  of  shipbuilding,  Glasgow  and  Newcastle-upon-Tyn.^  . 

Owens  College  J  Manchester,  This  college  was  founded  in  iS-^4-6  by 
Mr.  John  Owen,  a  Manchester  merchant.  In  1880  the  Victori^i-  Uni- 
versity was  created  with  this  as  its  first  college,  since  which  da-tre  the 
Liverpool  College  and  Yorkshire  College,  Leeds,  have  been  ad  :mr:K:iit:ted 
as  sister  colleges. 

The  college  comprises  all  departments  of  education  and  has  a  ^x^^^^^ 
department  of  engineering,  the  head  professor  and  director  of  wt»-  icH  is 
the  able  Professor  Osborne  Reynolds.  Students  on  entrance  t<:i>  any 
departments  of  the  college  must  be  sixteen  years  of  age.  It  i^  ^^' 
pected  of  the  student  of  engineering  that  he  has  acquired,  pri^^^  ^^ 
entrance,  the  knowledge  needed  for  the  preliminary  examination  d^^  ^^^ 
Victoria  University  referred  to  above.  - 

Here,  as  at  Leeds,  the  instruction  "is  not  intended  to  sup^^*"^^ 
the  practical  training,  which  can  only  be  obtained  at  the  office  ^^ 

civil,  or  the  workshop  of   a  mechanical,  engineer."     Attendance       C^^    ^ 
full  course  of  three  years  is  expected  of  candidates  for  the  Certii^;;^^^^ 
in  Engineering. 

A  laboratory  course  is  considered  necessary  to  complete  the  educa 
tion  of  an  engineer,  whether  mechanical  or  civil.  The  making  of  tests 
both  for  materials  and  machines,  and  a  reduction  of  the  results  are  con^ 
sidered  an  important  part  of  an  engineer's  work ;  the  training  necessary 
for  making  these  tests  is  essentially  scientific,  familiarizing  the  student 
with  practical  mechanics  in  their  higher  developments,  and  by  actual 
examples  gives  this  training  a  reality,  which  the  present  and  future 
development  of  engineering  requires  in  the  engineer.  Such  are  the 
announced  reasons  for  the  laboratory  work.  From  a  personal  exam- 
ination of  the  laboratory  in.  189 1  and  1897,  I  am  satisfied  that  it  com- 
bines  all  that  is  necessary  to  carry  out  the  objects  above  stated. 
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Department  of  Engineering  in  Oxford  and  Cambridge  Univer- 
sities, Both  of  these  departments  are  of  comparatively  recent  estab- 
lishment. Both  are  provided  with  the  necessary  engines  and  machines 
for  testing  in  civil  and  mechanical  engineering.  At  Cambridge  there 
are  workshops  with  lathes  and  planing,  shaping  and  slotting  machines, 
as  well  as  a  forge  and  other  appliances. 

There  is  a  staff  of  skilled  workmen  to  give  instruction  in  each 
branch  of  the  work.  These  shops  are  on  quite  an  extensive  scale, 
but  it  is  understood  that  the  work  in  them  is  not  intended  to  take 
the  place  of  pupilage  in  a  large  establishment,  but  to  reduce  the  time 
of  such  pupilage  by  going  into,  it  with  a  fair  knowledge  of  the  use 
of  tools. 

The  Royal  Indian  Engineering  College^  Cooper's  Hill,  London, 
This  is  not  only  an  important  and  well-equipped  engineering  institu- 
tion lor  the  higher  technical  instruction,  but  it  has  developed  from 
very  interesting  conditions.  Its  history  illustrates  fully  the  state  of 
engineering  education  at  the  time  of  its  establishment,  not  yet  thirty 
years  ago,  from  the  fact  mainly  that  it'  was  at  that  time  impracticable 
to  find  young  men  in  Great  Britain  with  sufficient  technical  engineer- 
ing knowledge  and  training  to  take  up  the  Indian  work;  hence  the 
necessity  of  establishing  this  school. 

The  college  is  not  large  in  membership,  only  fifty  being  admitted 
annually,  its  purpose  being  specially  for  the  preparation  of  engineers 
for  Indian  positions,  but  it  has  a  very  complete  curriculum.  Candi- 
dates for  entrance  must  be  between  seventeen  and  twenty-one  years 
of  age,  the  maximum  being  fixed  on  account  of  climatic  reasons,  older 
men  being  more  liable  to  illness  in  the  hot  climate  of  India  and  less 
responsive  to  acclimatization. 

The  students  at  entrance  must  have  a  good  general  education,  as 
well  as  in  elementary  mathematics,  comprising  arithmetic,  elementary 
algebra,  geometry  to  the  sixth  book  of  Euclid,  elementary  mensuration, 
and  plane  trigonometry  and  the  use  of  logarithms ;  the  general  edu- 
cation must  include  some  classical  or  modern  language. 

The  course  occupies  three  years;  French  or  German  is  one  of 
the  studies,  with  more  purely  engineering  studies.  Before  the  gradu- 
ates can  take  positions  in  India,  they  must  go  through  a  course  of 
practical  engineering  for  about  a  year  under  a  professional  engineer. 
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City  and  Guilds  of  London  Institute  for  the  Advancement  of 
Technical  Education.  The  institute  has  two  schools,  the  Central 
Technical  College  and  the  Technical  College  in  Finsbury,  both  within 
the  limits  of  London.  We  will  have  principally  to  do  with  the  former. 
It  is  an  important  institution,  both  in  respect  to  the  scope  of  its  work 
and  its  high  educational  character. 

It  is  now  about  twenty  years  since  quite  a  number  of  the  Guilds 
or  "  Livery "  companies  of  London  undertook  to  meet  the  new  con- 
ditions which  the  rapidly  advancing  state  of  modern  manufactures 
required  in  the  character  of  the  workmen  to  enable  Great  Britain  to 
keep  pace  with  other  countries.  Large  and  accumulating  sums  were 
in  their  hands,  bequeathed  from  former  generations.  From  these  they 
could  draw  what  amount  might  become  necessary  to  generally  improve 
the  industries  of  the  country  by  improving  its  technical  education. 

They  wisely  referred  the  project,  as  to  its  scheme,  to  several  dis- 
tinguished men  of  science  and  engineers,  and  obtained  a  valuable  set 
of  reports  upon  the  best  means  of  accomplishing  the  purpose  in  view. 
While  the  scheme  was  comprehensive,  and  combined  several  minor  or 
auxiliary  means  of  industrial  education,  the  main  feature  of  it  was  the 
foundation  of  the  Central  Institution  for  higher  technical  instruction. 

The  general  features  are  as  follows  :  Students  must  be  seventeen 
years  of  age.  The  course  covers  three  years.  The  requirements  for 
admission  are  a  satisfactory  examination  in  elementary  mathematics, 
mechanics,  mechanical  drawing,  physics,  chemistry,  and  either  French 
or  German.  The  first  year's  course  is  the  same  for  all  students,  and 
is  intended  to  give  a  thorough  preparation  for  the  special  technical 
studies  of  the  second  and  third  years ;  mathematics  is  given  an  im- 
portant place  in  the  first  year,  as  it  is  believed  to  be  impossible  to 
attain  a  high  place  as  a  scientific  engineer  in  either  of  the  three  depart- 
ments without  a  good  knowledge  of  mathematics.  These  departments 
are  engineering,  physical  science,  and  chemistry.  The  first  comprises 
mainly  civil  and  mechanical  engineering,  the  second  chiefly  electrical 
technology,  the  third  the  preparation  of  the  student  for  the  higher 
posts  in  chemical  industries. 

The  building  and  its  equipment  deserve  more  extended  mention 
than  can  be  given  here.  I  cannot  speak  too  highly  of  these  admirable 
arrangements.  I  have  examined  it  twice,  once  in  1891  and  again  in 
1897,  each  time  in  the  company  of  Professor  W.  C.  Unwin,  the  head 
professor  of  engineering.     The  descriptive  and  illustrated  printed  matter 
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before  me  covers  nearly  two  hundred  pages.  The  voluminous  notes 
in  my  journal  show  my  own  high  appreciation  of  the  school,  its  meth- 
ods, its  appointments,  appliances,  and  its  very  able  staff  of  teachersy 
several  of  them  being  men  of  international  reputation. 

The  building  is  five  stories  high.  The  engineering  workshops, 
laboratories,  smithy,  dynamo  room,  dynamo  and  motor  testing  room^ 
the  physical  and  mechanical  laboratories,  and  joiners'  shop  are  in  the 
basement.  The  ground  floor  is  devoted  to  class  rooms  and  professors' 
offices.  On  the  first  floor  is  a  large  reading  room,  library,  and  als:> 
the  physical  laboratories  and  the  administrative  offices.  On  the  second 
floor  is  an  extensive  museum  of  engineering,  mathematical  and  physical 
models,  and  also  the  large  chemical  laboratories.  On  the  third  floor 
is  the  engineering  drawing  room,  5  5  x  67  feet,  the  remainder  being 
devoted  mostly  to  chemical  laboratories. 

The  mathematical  department  is  thoroughly  provided  with  all  the 
necessary  facilities  and  laboratories  for  a  complete  instruction  in  this 
very  important  fundamental  study.  In  the  engineering  department  is 
a  completely  fitted  up  workshop  and  laboratory.  Instruction  is  given 
in  the  former  in  the  use  of  tools,  the  idea  being  mainly  to  give  the 
student  some  practical  acquaintance  with  machine  tools  .and  the  meth- 
ods of  manufacture,  so  that  when  he  reaches  the  actual  works,  if  he 
is  to  be  a  mechanical  engineer,  he  will  not  be  so  much  at  a  loss  to 
handle  himself  as  he  would  be  withoiit  such  previous  acquaintance  with 
shop  work.  In  this  laboratory  is  a  complete  outfit  of  every  sort  of 
testing  apparatus,  from  a  100-ton  Wicksteed  testing  machine  to  a  com- 
plete set  of  various  kinds  of  micrometers. 

The  course  of  civil  engineering  is  also  very  complete,  but  it  is  con- 
sidered necessary  for  these  students  to  have,  to  a  certain  extent,  a 
fair  knowledge  of  mechanics,  mechanical  engineering,  and  electricity 
and  electrical  engineering. 

The  physical  department,  under  the  well-known  Professor  W.  E. 
Ayrton,  is  specially  devoted  to  electricity,  which  is  very  practically 
taught  and  illustrated  in  the  laboratories.  These  are  upon  an  un- 
usually extensive  scale.  There  are  three  electrical  research  laboratories, 
a  dynamo  room  and  a  laboratory  for  testing  dynamos  and  motors ;  and 
five  distinct  laboratories :  the  junior  electrical,  the  heat,  optical,  mag- 
netic, and  acoustic  laboratories,  each  arranged  for  making  extensive 
series  of  organized  experiments.  The  electrical  engineering  course 
embraces  practical  physics,  electrical  technology,  and  advanced  clectricr.1 
technology. 
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From  the  first  day  of  his  course  the  student  learns  to  make  actual 
measurements  in  the  laboratories.  When  he  has  completed  his  first 
year  he  is  thoroughly  grounded  in  the  science,  and  has  about  mastered 
the  basis  of  the  exact  measurements  of  electrical  quantities. 

The  student  of  electrical  engineering  in  the  second  year  must  work 
several  hours  of  the  week  at  engineering  designing  and  in  the  engineer- 
ing workshop,  both  under  Professor  Unwin,  and  several  hours  also  at 
mechanics  and  mathematics  under  Professor  Henrici,  of  that  depart- 
ment ;  on  the  other  hand,  mechanical  engineering  students  must  give 
considerable  time  to  electrical  technology,  for  the  reason  that  the  use 
of  electrical  apparatus  in  mechanical  engineering  is  rapidly  growing. 

The  chemical  department,  under  Professor  H.  E.  Armstrong,  like 
the  other  departments,  serves  a  double  purpose :  it  trains  specialists,  that 
is,  technical  chemists  and  chemical  engineers,  and  gives  important  and 
necessary  instruction  in  chemistry  to  students  of  the  other  departments. 

Here,  also,  the  student  is  at  once  set  at  work  solving  definite  prob- 
lems requiring  thought  and  close  investigation.  The  principal  object 
of  the  course  of  study  is  to  train  young  men  in  the  methods  of  chem- 
ical research,  so  that  they  may  learn  to  work  with  independence,  for 
in  this  way  alone  can  they  improve  and  extend  the  industries  of  which 
they  will  be  later  called  to  take  charge. 

The  intermingling  and  correlation  of  the  departments  are  well 
illustrated  by  the  following  course  taken  from  the  program  for   1897. 

General  Distribution  of  Time. 

The  following  table  shows  the  weekly  distribution  of  time  for  all  matriculated  students 
of  the  Central  Technical  College : 

FIRST   YEAR. 

For  Students  of  any  Department : 
Mathematics  9    hours 

Engineering  7        " 

Physics  7 

Chemistry  7        " 

SECOND   YEAR. 

For  Eni^^hieerinj^  Students: 

Mathematics  9    hours 

Engineering  12        " 

Physics  5  J      " 

Chemistry  3  J      " 


I 

I 
I 

\ 
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For  Physical  Students: 

Mathematics          8  hours 

^                                              Engineering          10  " 

Physics                   10  " 

Chemistry               2  " 

For  Chemical  Students: 

Engineering          10  hours 

Chemistry              17  '* 

Crystallography     3  " 

THIRD   YEAR. 

There  will  be  mathematics  from  10  to  12  on  Monday  and 
Wednesday  for  Engineering  and  Physical  students.  Also  one 
day  per  week  in  the  winter  term  will  be  taken  in  a  selected  de- 
partment. The  rest  of  the  time  is  given  to  the  work  of  the 
department  to  which  the  student  belongs. 

,^5ome  important  features  of  this  institution  appear  in  a  recent  report 
of  ^^  special  committee  appointed  by  the  governors  of  the  guilds,  which 
wa.^  instructed  to  make  a  full   inquiry  into  the  expenditures  and  the 

rest i_:«- Its  attained  by  the  institution. 

JL'his  committee  was  composed  of  men  of  high  reputation  and  great 
rience.  Incidentally,  the  number  of  students,  as  appears  from  this 
"t,  is  210. 

"he  subcommittee  reporting  on  the  educational  work  of  the  insti- 
tute^ approve  of  the  methods,  especially  of  the  principle  of   research 

--i^'^^^.s  to  expenditures,  the  committee  made  a  careful  and  comprehen- 
sive      i  nvestigation  in  the  way  of  comparison  with  other  schools  of  high 
stai^cziing  in  the  United  States  and  on  the  Continent,  with  the  result 
^'^^^-       they  found  the  gross  cost  per  student  less  here  than  elsewhere. 
^T^liey  concluded  that  this  institution  supplies  the  highest  form  of 
'(^clrxx'^ical  education  in  London,  and  that  its  work  is  of  university  rank. 
It    will  be  noticed  in  the  above  account  of  the  Central  Institution 
^^^-"^      x-io  mention  is  made  of  mining  engineering.     The  absence  of  this 
spe^czri^l  department  is  due,  not  to  the  want  of  appreciation  of  its  im- 
P*^^^^nce,  but   to  the  fact  that  it  is  made  a  specialty  in  an  excellent 
instiitixation  across  the  street,  the  Royal  College  of  Science,  with  which 
^^     ^*^<^orporated  the  School  of  Mines. 

T^Viis  college  is  supported   by  the  government,  and  its  purpose  is 
^^     ^^irnish  systematic   instruction   in  the  general  principles  of  all  the 
'^^^^^o'hes  of  physical  science  to  students. 
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The  School  of  Mines  is  incorporated  with  it,  the  students  obtaining 
their  scientific  knowledge  and  training  in  the  principal  institution  and 
their  special  knowledge  of  mining  in  the  special  school,  where  separate 
classes  are  formed  for  the  purpose. 

To  the  general  course  of  study  in  the  College  of  Science  the  mining 
department  adds  instruction  in  determinative  mineralogy,  metallurgy^ 
assaying,  and  mining  operations. 

There  are  two  other  important  engineering  schools  in  London,  both 
well  equipped  with  apparatus  for  teaching.  One  of  these  is  a  depart- 
ment of  the  University  College,  and  the  other  of  King's  College.  In 
a  full  account  of  all  such  institutions  these  would  have  a  prominent 
place. 

In  the  former  there  is  an  unrestricted  admission  of  students  with- 
out examination,  and  to  any  class  or  classes  they  may  select.  The 
complete  course  extends  over  three  years,  but  if  a  student  cannot  (or 
thinks  he  cannot)  devote  more  than  two  years  to  study  he  is  accommo- 
dated by  a  special  plan,  and  under  it  a  very  large  number  finish  their 
education  in  the  two  years.  The  study  of  any  modern  language  is  not 
obligatory. 

The  same  remarks  about  absence  of  matriculation  examination  and 
freedom  to  take  the  whole  or  part  of  the  course  apply  to  King's  College. 

The  Central  Technical  College  has  been  given  here  the  more  prom- 
inent position  among  these  schools,  as  it  is  not  only  a  distinctively  engi- 
neering school,  but  is  the  best  example  of  such  a  school  in  London. 

France. 

The  methods  of  engineering  education  in  France  cannot  easily  be 
compared  with  those  in  Great  Britain  or  the  United  States.  As  will 
be  seen  by  the  following  description,  the  schools  of  the  highest  grade 
are  purely  government  institutions,  graduating  government  officials,  as 
do  our  schools  at  West  Point  and  Annapolis,  with  this  difference,  that 
none  but  military  and  naval  officers  are  graduated  at  our  schools,  while 
the  most  accomplished  graduates  at  the  French  government  schools 
are  educated  entirely  in  civil  engineering  and  become  government  civil 
engineers.  At  West  Point  the  most  accomplished  graduates,  educated 
aumost  entirely  in  military  matters,  become  immediately  civil  engineers 
and  are  placed  in  charge  of  all  the  extensive  works  of  rivers  and  har- 
bors which,  in  the  United  States  as  in  France,  are  under  the  control 
of  the  general  government. 
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There  are  three  classes  of  schools  in  France  that  graduate  civil 
engineers :  first,  the  Government  Schools,  a  polytechnic  school,  fol- 
lowed by  the  Rcole  des  Poftts  et  Chausshs  and  £cole  des  Mines ;  second^ 
Central  School  of  Arts  and  Manufactures ;  third,  Industrial  Schools. 

First :  Government  Schools.  These  furnish  the  government  with 
engineers,  and  have  done  so  for  many  years.  They  have  also  a  class 
of  students  who  graduate  as  ^^ dUves  extemes''  (outside  graduates),  and 
they  may  be  French  or  of  any  other  nationality.  Many  prominent 
French  engineers  have  graduated  as  such,  and  so  have  many  United 
States  engineers.  No  doubt  these  schools,  in  scope  and  character  of 
the  education  given,  are  equal  to  any  in  the  world,  as  is  attested  by 
the  high  order  of  the  engineers  who  have  graduated  there. 

The  regular  French  students  who  are  able  to  enter  these  schools 
(the  number  is  extremely  limited  and  in  accordance  with  the  necessities 
of  the  government  as  to  filling  up  the  positions  in  the  service  —  civil, 
military,  and  naval)  are  admitted  after  thorough  and  severe  examination. 
The  best  university  graduates  (who  have  had  a  course  in  arts,  Latin 
and  Greek)  endeavor  to  enter  this  school ;  they  are  from  nineteen  to 
twenty-one  years  of  age.  The  number  of  competitors  for  about  two 
hundred  annual  admissions  varies  from.  i,ooo  to  i,8oo.  This  gives 
a  first  selection  of  the  highest  talent  and  fitness.  Of  this  two  hun- 
dred, only  about  twenty  (the  best  pupils)  are  finally  admitted  to  the 
engineering  schools ;  the  rest  of  the  graduates  of  the  polytechnic  school 
become  military  or  naval  officers,  with  whom  we  have  here  nothing  to 
do  except  to  say  that  after  their  two  years  in  the  polytechnic  school 
they  study  two  years  at  the  military  £cole  d' Application  de  Fon- 
tainebleau,  in  the  naval  school,  or  in  the  school  of  naval  architecture. 
The  twenty  students  above  mentioned  enter,  from  the  polytechnic, 
either  the  £cole  des  Fonts  et  Chaussies  or  £cole  des  Mines^  where 
the  course  occupies  three  years. 

It  is  this  Ecole  des  Fonts  et  Chausshs  with  which  we  have  most 
to  do  in  this  discussion,  and  which  I  will  further  allude  to  after  saying 
that  the  "  second  "  school.  Central  School  of  Arts  and  Manufactures, 
is  made  up  of  those  who  either  were  unable  to  enter  the  government 
school  or  have  not  attempted  to  do  so.  This  school  is  of  a  high  order, 
however,  but  not  equal  to  the  government  polytechnic,  and  its  course 
covers  three  years  instead  of  five  years.  The  graduates  of  this  school 
cannot  be  admitted  to  government  service,  but  enter  into  private 
practice. 
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The  '*  third  "  class  of  schools  is  mainly  industrial,  and  their  grad- 
uates become  superintendents,  foremen,  and  mechanics. 

Referring  now,  to  the  twenty  students  annually  admitted  into  the 
Po7tts  et  Chanss^es  and  MineSy  they  are,  from  their  entrance  into  this 
branch  of  the  polytechnic  school,  government  officials,  paid  as  such  and 
invariably  given,  on  graduation,  government  positions  for  life.  When 
they  graduate  from  this  final  school  they  are  usually  about  twenty-five 
years  of  age,  and  have,  of  course,  a  most  complete  education. 

The  Ecole  dcs  Po7its  et  Chauss^es  is  so  well  known  and  has  such  a 
Tiigh  international  reputation  that  it  is  unnecessary  to  occupy  much 
time  with  it.  Possibly,  however,  it  will  serve  to  show  the  scope  of 
the  education  to  simply  give  the  courses  of  study,  bearing  in  mind 
that  this  school  is  really  a  school  of  application,  after  what  would  be 
considered  a  good  engineering  course  in  the  United  States. 

Courses  of  the  £cole  Nationale  des  Fonts  et  Chauss^es. 

I.  Applied  mechanics  :  strength  of  materials 

II .  Applied  mechanics  :  hydraulics 

III.  Mineralogy  and  geology 

IV.  Constructive  materials  (technical  study  and  tests) 

V.  Routes,  locations 

VI.  General  methods  of  construQtion 

VII.  Bridge  construction 

VIII.  Internal  navigation 

IX.  Maritime  works 

X.  Railroads 

XI.  City' and  country  hydraulics  and  irrigation  engineering 

XII.  Steam  engines 

XIII.  Applied  electricity 

XIV.  Architecture 

XV.  Administrative  law 

XVI.  Political  economy 

XVII.  Fortification 

XVIII.  Constructive  drawings  and  sketches  of  railroads,  buildings,  and  machines 

XIX.  German  language 

XX.  English  language 

XXI.  Photography 

XXII.  Fish  culture  and  fishing 

Some  of  these  courses  may  seem  to  be  outside  the  domain  of  civil 
engineering,  such  as  administrative  law  and  political  economy,  but  the 
details  of  these  courses  show  that  the  instruction  in  them  is  for  the 
purpose  of  giving  the  student  that  special  knowledge  of  these  subjects 
which  he  needs  in  the  administration  of  his  engineering  works  —  con- 
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struction,  maintenance,  and  operation.  Thus  the  railroad  course  does 
not  confine  itself  simply  to  the  construction  of  railroads,  but  goes  into 
the  operation  in  all  its  multifarious  practical  details  of  organization  and 
handling  of  the  property  and  the  commercial  and  financial  features. 

As  these  government  engineers  may  in  war  be  military  engineers, 
they  receive  instruction  in  military  engineering  and  tactics,  though  this 
is  a  subsidiary  feature  of  their  education. 

Speaking  generally  of  this  admirable  French  school,  it  would  be  diffi- 
cult to  find  in  any  country  any  civil  engineering  school  that  surpasses^ 
possibly  equals  it,  in  scope,  extent,  thoroughness,  and  completeness. 

Spain. 

A  recent  correspondence  to  ascertain  the  present  methods  has 
placed  in  my  hands  about  three  hundred  and  fifty  pages  of  printed 
matter,  giving  the  requirements  of  admission  to  the  government  Es— 
cue  la  Especial  de  Ingenieros  de  CaminoSj  Canales  y  Pncrtos  (Special: 
School  of  Engineers  of  Roads,  Canals,  and  Ports)  at  Madrid,  the  regula- 
tion of  this  school  and  the  detailed  programs  of  the  various  departments. 

The  high  character  of  the  school  will  be  seen  from  the  fact  that 
the  preparatory  course  for  it  should  occupy  four  years  and  its  owa 
course  is  ^v^  years. 

A  careful  examination  of  the  results  of  the  programs  and  a  fairly- 
good  acquaintance  with  some  of  the  leading  engineers  of  Spain  con-r 
vince  me  that  this  school,  in  scope  and  thoroughness,  ranks  with  any 
in  the  world. 

The  requirements  proven  by  a  rigid  examination  are,  first,  an  age 
of  at  least  sixteen  years.  To  have  the  degree  of  Bachelor  of  Arts,  or, 
being  less  than  twenty-five  years  of  age,  to  pass  easily  in  the  following : 
elementary  arithmetic  and  algebra,  plane  and  spherical  geometry  and 
trigonometry,  higher  algebra,  analytical  geometry,  descriptive  geometry 
and  its  application  to  shades  and  shadows  and  to  perspective,  calculus, 
lineal,  figure,  and  ornamental  drawing  and  shading,  French  and  English 
language. 

From  this  course,  which  the  head  professor  of  the  school  has  kindly 
given  me  in  manuscript,  it  is  clearly  seen  that  the  school  keeps  pace 
with  the  modern  aiid  most  recent  advances  in  applied  physics,  me- 
chanics, and  electricity. 

The  intention,  no  doubt  realized,  is  evidently  to  give  the  engineer 
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that  broad  and  extended  and  thorough  education  which  will  fit  him  for 
the  highest  duties  which  he  may  be  called  to  meet  by  the  requirements 
of  the  present  day. 

Belgium. 

Referring  to  the  methods  of  engineering  education  in  France  and 
Spain  it  will  be  seen  that  continental  methods  are  radically  different 
from  those  in  Great  Britain  and  the  United  States.  This  difference 
is  principally  due  to  greater  paternal  control.  The  governments  own 
.and  operate  the  water  and  the  rail  communications ;  even  if  there  be 
any  private  ownership  of  railroads  the  general  management  must  be 
more  or  less  under  governmental  control.  Government  railroads  and 
government  waterways  must  not  be  subjected  to  the  ruinous  competi- 
tion of  unrestricted  economical  operation  by  individuals.  Consequently 
the  public  pay  for  the  water  and  rail  facilities  maintained,  owned,  and 
operated  by  the  government,  and  also  (and  what  is  the  great  objection- 
able feature  of  state  ownership  of  railroads)  the  enhanced  cost  of  non- 
competitive transportation. 

The  State  must  have  its  own  agents  to  build,  maintain,  improve, 
and  operate  its  ways  of  communication,  and  consequently  it  undertakes 
to  raise  up  men  for  the  work  by  a  most  thorough  and  careful  method 
^of  education,  with  the  purpose,  also,  of  making  these  officials,  in  at 
least  the  higher  positions  of  service  and  responsibility,  equal  in  ability 
to  other  higher  officials  of  the  government,  so  that  they  may,  by  the 
:  sheer  force  of  the  trained  intellect,  give  the  government  the  most  effi- 
vcient  service  possible. 

While  the  government  universities  and  special  schools  are  open  to 
all  students  who  choose  to  avail  themselves  of  the  teaching  facilities 
and  pay  for  them,  it  recruits  its  servants  out  of  .the  highest  grades. 

In  Belgium  there  are  two  government  schools  of  engineering,  one 
an  integral  part  of  the  University  of  Ghent  and  the  other  of  that  of 
Liege.  There  are  also  two  other  schools  connected  with  nongovern- 
mental universities,  Brussels  and  Louvain.  Until  within  the  last  five 
years  all  engineers  on  government  works  had  to  be  graduates  of  the 
two  government  schools,  but  on  the  urgent  demand  of  the  two  latter 
universities  to  allow  their  engineering  graduates  to  compete  on  equal 
terms  and  without  prejudice  with  the  graduates  of  government  schools, 
the  State  yielded.  Now  all  four  schools  have  an  equal  chance  in  these 
competitions. 
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It  is  significant  of  the  high  character  of  the  government  schools 
that  up  to  the  present  time  the  graduates  of  the  two  private  schools 
have  not  succeeded  in  bearing  off  any  of  these  coveted  prizes. 

In  order  to  understand  more  fully  and  appreciate  the  difference 
between  English  and  continental  engineering  education  it  should  be 
stated  here,  with  the  intention  of  referring  to  the  subject  again  later 
on,  that  in  Belgium,  and  generally  elsewhere  on  the  Continent,  the 
principal  and  controlling  purpose  in  methods  is  to  give  the  student  of 
engineering  a  thorough  liberal  and  scientific  education,  with  laboratory 
facilities  for  experimental  work  by  the  students,  both  in  chemistry  and 
physics  and  in  the  use  of  models,  preferring  to  leave  the  manual  train- 
ing to  his  future  work,  if  it  is  to  be  of  such  a  character  as  to  require 
the  use  of  hand  and  machine  tools.  He  must  first  be  given  a  liberal 
and  professional  scientific  education  as  the  foundation  for  his  life  as  a 
inan,  a  citizen,  and  an  engineer.  The  engineers,  teachers,  and  those 
who  direct  the  methods  of  education  are  not  in  accord  with  the  general 
English  practice. 

From  the  Catalogue  for  1897  of  the  engineering  school  of  the 
University  of  Gand  (Ghent),  and  from  conference  with  some  of  its 
^praduates,  now  eminent  civil  engineers,  I  will  give  a  brief  abstract  of 
the  requirements  and  methods.  The  methods  in  the  universities  and 
schools  referred  to  do  not  greatly  differ. 

There  are  two  engineering  schools  annexed  to  the  University  of 
Gand,  the  School  of  Civil  Engineering  and  the  School  of  Arts  and 
Manufactures.  The  former  comprises  the  following  grades :  grade  of 
Legal  Engineer  of  Civil  Construction,  Civil  Engineer,  Engineer  Archi- 
tect, and  Civil  Conductor.  The  latter  school  has  the  following  grades : 
Mechanical  Engineer,  Chemical  Engineer,  and  Industrial  Engineer. 
^Each  of  these  two  schools  is  divided  into  a  preparatory  school  and  a 
special  school. 

The  graduates  of  the  highest  grade,  first  mentioned,  may  take 
part  in  the  competition  for  recruiting  the  Engineer  Corps  of  Fonts  et 
Cliauss^eSy  the  Corps  of  Railroad  Engineers,  and  the  State  Telegraph 
Engineers.  Graduates  of  all  the  other  grades  of  both  schools  can 
obtain  the  diploma  of  electrical  engineer  after  a  year  of  study  in  the 
Electro-Technic  Institute  of  Montefiore. 

The  director  of  both  schools  is  the  administrative  inspector  of  the 
university.     Under  him  are  two  inspectors,  one  of  the  preparatory  and 
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the  other  of  the  special  schools.  The  professors  have  nothing  to  do 
with  the  general  or  detailed  arrangement  of  instruction.  The  director, 
upon  the  report  of  the  inspectors  of  studies,  arranges  the  order  of  the 
studies,  and  the  inspectors  attend  to  the  execution. 

The  time  required  for  the  highest  grades  is  five  years,  two  prepara- 
tory and  three  special,  also  for  the  engineer  architects ;  all  the  others 
require  four  years,  two  of  each,  except  the  civil  conductors,  which  take 
a  two  years'  course. 

The  detailed  programs  of  the  courses  of  study  are  decided  upon  by 
the  Minister  of  the  Interior  and  of  Instruction,  on  the  proposition  of 
the  director  of  the  schools,  assisted  by  the  professors. 

There  is  an  harmonious  arrangement  of  the  studies  of  the  entire 
scheme  to  accomplish  the  purpose  in  view,  viz. :  the  most  complete 
preparation  for  the  special  professional  work  of  each  student  when  he 
enters  upon  his  life  work.  The  students  are  not  confined  to  lectures, 
text-books,  and  examinations.  They  engage  in  graphical  works,  practical 
exercises,  and  scientific  excursions  and  visits  to  industrial  establishments 
with  the  teachers,  and  to  works  under  construction. 

The  examinations  required  for  admission  to  the  preparatory  schools 
show  at  once  that  a  high  order  of  education  is  demanded.  To  be  ad- 
mitted, the  applicant  must  creditably  pass  in  ten  subjects.  He  must 
be  well  up  in  three  languages,  his  own  and  two  others,  a  very  complete 
acquaintance  with  history  and  geography,  of  arithmetic,  algebra,  geome- 
try, plane  and  spherical  trigonometry,  analytical  geometry  to  two  dimen- 
sions, descriptive  geometry  and  design. 

The  examinations  of  the  three  years  which  students  must  creditably- 
pass  to  accomplish  the  grade  of  engineer  of-  civil  construction  are  as 
follows : 


First  Examination. 
Constructions  of  Civil  Engineering 
Hydraulics 

Calculations  of  the  Effect  of  Machines 
Descriptions  of  Machines 
Topography 
History  of  Architecture 
Industrial  Chemistry 
Industrial  Physics 
Political  Economy 
Exercises  and  problems,  practical  works 
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Second  Examination. 

1 .  Civil  Engineering  Construction  (2d  part) 

2.  Stability  of  Constructions 

3.  Description  of  Machines 

4.  Construction  of  Machines 

5.  Technology  of  Elementary  Professions 

6.  Administrative  Law 

7.  Civil  Architecture 

8.  Mineralogy 

9.  Exercises  and  problems,  practical  work 

Third  Examination. 

1 .  Civil  Engineering  Construction  (3d  part) 

2.  Stability  of  Construction 

3.  Application  of  Machines 

4.  Railroad  Operation 

5.  Electricity  and  its  industrial  application 

6.  Geology  and  the  Elements  of  Palaeontology 

7.  Civil  Architecture 

8.  Exercises  and  problems,  practical  works 

These  examination  requirements  are  given  entire,  as  they  are  char- 
acteristic of  continental  courses  of  study  for  professional  civil  engineers. 
The  varied  character  and  scope  of  the  education  will  be  seen  and  appre- 
ciated ;  while  the  grades  of  somewhat  lesser  rank  do  not  cover  quite 
so  much  ground,  they  are  all  extended  and  of  wide  scope,  as  will  be 
seen  by  one  more  illustration  of  a  course,  that  of  industrial  engineer, 
two  years  in  the  preparatory  school  and  the  following  in  the  special 
school,   covering  also  two  years. 

Grade  of  Industrial  Engineer. 

1.  Industrial   Mechanics    (ist   part),   comprising   the   calculus    of    the   effect   of 

machines 

2.  Description  of  Machines  (ist  part) 

3.  Description  of  Machines  (2d  part) 

4.  Analytical  Chemistry 

5.  Architecture 

6.  Industrial  Chemistry 

7.  Industrial  Constructions 

8.  Problems,  sketches,  applications,  and  exercises  relative  to  Nos.   i,   2  and  3, 

problems  of  industrial  construction 

9.  Exercises  in  architecture  and  problems  relative  to  Industrial  Chemistry 
10.      Laboratory  work,  visits  to  manufactories 
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Second  Examination. 

Construction  of  Machines 

Technology  of  Textile  Materials 

Technology  of  Elementary  Professions 

Sketches  of  plans  and  surveys  (part  of  the  topographical  course) 

Industrial  Physics 

Use  of  Machines 

Electricity  and  its  industrial  uses 

Pblitical  Economy 

Commercial  Geography 

Problems  relative  to  mechanical  construction  workshop  practice 

Problems  of  construction  relative  to  Chemical  Arts  and  to  Nos.  2,  3,  5  and  7 

Laboratory  work,  visits  to  manufactories 


These  various  studies  are  not  entered  into  in  a  perfunctory  or  formal 
manner.  There  is  earnest,  thorough,  and  extended  work,  both  on  the 
part  of  the  teachers  and  the  pupils.  These  pupils  are  not  lads,  but 
young  men  old  enough  to  appreciate  the  necessity  for  hard  work.  They 
are  university  students,  really  postgraduates.  This  will  be  seen  from 
the  fact  that,  to  enter  the  preparatory  school,  a  six-year  course  of  study 
in  the  **  humanities  "  is  required  and  a  degree  certified  to,  if  the  appli- 
cant wishes  to  enter  without  the  rigid  examinations  already  described. 
These  schools  are  purely  civil,  and  teach  no  military  science  as  they 
do  in  France. 

In  Holland  the  education  of  engineers  is  carried  as  far  and  as 
systematically  as  in  Belgium.  The  program  of  studies  in  the  excellent 
Royal  Institution  at  Delft,  for  the  year  1897-98,  compares  very  favor- 
ably with  that  of  Gand,  above  analyzed.  It  embraces  the  same  general 
courses  of  study,  and  requires  about  twenty  professors  and  fifteen 
assistants. 

Switzerland. 

In  reference  to  Switzerland,  the  whole  process  of  general  and  special 
education  needs  to  be  stated,  but  my  space  will  not  permit.  It  may  be 
asserted  without  fear  of  contradiction  that  it  is  the  best  educated  coun- 
try in  the  world.  There  are  no  illiterate  people,  certainly  not  enough 
to  form  a  class,  and  it  is  contended  by  leading  Swiss  educators  that  not 
one  can  be  found  who  cannot  read  and  write  except  he  be  of  unsound 
mind  or  physically  disqualified  for  education. 

It  might  be  expected  that  such  a  country  would  carry  its  profes- 
sional education  to  a  high  point,  and  it  does.     Much,  very  much,  may 


Report  upon  Engineering  Education,  189 

^Dft  learned  here  of  .value  to  other  countries.  My  many  months  of 
residence  here,  made  necessary  by  illness,  have  not  been  spent  in 
idleness  when  physically  able  to  investigate  the  many  interesting  edu- 
cational and  social  features  of  the  country. 

The  schools  are  under  the  supervision  of  the  government  —  federal, 
cantonal,  and  municipal.  "Keeping  school  is  the  permanent  business 
of  the  State,"  as  a  writer  on  Switzerland  has  well  said.  When  a  child, 
male  or  female,  reaches  a  certain  age,  generally  seven,  the  right  to  stay 
at  home  and  play  ceases ;  the  State  seizes  the  child  and  holds  him  fast 
for  years  and  rears  him  into  what  he  is  to  be  in  life. 

From  the  great  educator,  Pestalozzi,  the  principle  has  been  received 
and  consistently  followed  that  education  is  a  developing  of  the  faculties 
rather  than  an  imparting  of  knowledge.  "  Education  as  the  acquiring 
of  information  is  one  thing;  it  is  quite  another  thing  to  develop  the 
human  forces  by  a  thoughtfully  planned  course  of  training,  mentally, 
physically,  and  normally  fitting  the  student  for  complete  living." 

The  Swiss  method  of  teaching  is  never  mechanical ;  it  is  gradual, 
natural,  and  rational ;  patient,  never  hurried,  a  slow  but  sure  advance, 
and  firm  ground  established  as  it  goes.  There  are  schools  everywhere 
and  of  all  kinds  —  primary,  supplementary,  secondary,  day,  evening,  for 
the  blind  and  the  deaf,  industrial,  linguistic,  intermediate,  high  gymna- 
sium, or  -American  college,  university,  polytechnic.  It  is  a  business 
which,  when  nobly  done,  as  here,  **  brings  bountiful  return  in  love  of 
order,  law,  right,  and  truth." 

But  these  most  interesting  general  features  of  Swiss  educational 
principles  and  practice  must  give  place  to  the  special  class  of  educa- 
tion we  are  now  considering. 

The  high  school,  or  gymnasium,  or  college,  is  the  highest  state 
school  prior  to  the  university  or  the  polytechnic.  About  one-tenth 
of  the  graduates  of  the  high  school  enter  these  higher  professional 
schools;  the  other  nine-tenths  go  out  into  Hfe  without  more  prepara- 
tion, and  it  is  not  needed,  for  the  gymnasium  course  is  wisely  adapted 
to  their  wants,  so  as  to  round  out  the  education  of  the  student,  boy 
and  girl,  and  graduate  them  with  a  quite  complete  general  education. 

The  total  time  required  for  this  education  is  usually  about  twelve 
years,  from  seven  years  of  age  to  nineteen,  four  years  in  the  elemen- 
tary school,  four  in  the  progymnasium  (the  preparatory  high  school) 
and  four  to  four  and  a  half  in  the  gymnasium.  In  the  second  the 
course  of   study  is  the  same  for  all,  but   in  four  classes  with  some 
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variety.  In  the  third  it  separates  into  three  courses  or  classes,  com- 
mercial, technical,  and  literary ;  graduates  of  the  first  go  into  business, 
of  the  second  to  Zurich  Polytechnic,  of  the  third  to  the  university, 
into  theology,  law,  medicine,  or  general  literature  and  philosophy. 

The  following  studies  appear  in  the  Calendar  for  1897.  In  Class  I, 
the  last  year  of  the  progymnasium,  Latin,  German,  French,  arithmetic, 
algebra,  geometry,  natural  history,  geography,  history,  drawing,  writing, 
and  gymnastics,  and  nearly  the  same  studies  are  pursued  in  the  lower 
classes. 

It  will  be  seen  from  the  above  that  the  student,  after  those  four 
years  of  study,  is  quite  prepared  to  enter  upon  four  and  a  half  more 
of  extended  studies  along  the  same  lines.  As  to  languages,  all  four 
of  the  following  are  taught :  German,  French,  English,  and  Italian,  • 
the  two  former  very  thoroughly,  since  they  are  the  languages  most  in 
use  in  this  part  of  Switzerland  (Canton  of  Bern  and  Zurich),  and  it 
should  be  noted  here  that  in  Bern  the  native  language,  spoken  only, 
not  taught,  is  Bernese,  or,  as  claimed  here,  old  German.  These  four 
languages  are  taught  throughout  the  entire  four  years ;  the  remaining 
studies  are  algebra,  carried  quite  far;  geometry,  including  analytical 
geometry,  solid  geometry,  synthetic  and  problems;  physics,  acoustics, 
optics,  magnetism  and  electricity ;  chemistry,  organic  and  qualitative 
analysis  ;  natural  history,  botany,  with  microscopic  demonstrations,  etc. ; 
geography,  mathematical  and  physical ;  art  drawing,  ancient,  middle 
ages,  and  Rennaissance ;  geometrical  drawing  and  practical  geometr)'. 

The  last  half  year  of  the  four-and-a-half-year  course  in  the  gymna- 
sium is  devoted  to  a  careful  review  of  all  studies  of  the  course,  with 
some  extension  of  each. 

The  Zurich  Polytechnic  School  was  first  prepared  for  by  the  Swiss 
Republic  in  the  Constitution  of  1848,  which  provides  for  a  Government 
University  and  a  Polytechnic  School. 

The  former  has  not  been  established;  the  latter  was,  by  the 
law  of  February  7,  1854,  placed  at  Zurich,  and  as  the  university  was 
not  to  be  established,  the  Polytechnic  School  was  consequently  enlarged 
and  extended  in  its  educational  scope,  so  that  to  the  original  three  sec- 
tions of  civil,  mechanical,  and  chemical  engineering  there  were  added 
architecture,  sylviculture  and  agriculture,  and  a  course  in  arts  and 
philosophy,  and  also  a  pedagogic  course. 

From  its  inception  it  has  been  the  main  purpose  to  maintain  a 
school  of  superior  technical  instruction  and  training,  r.nd  to   give  its 
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students,  in  the  highest  possible  degree,  scientific  maturity  for  the 
various  vocations  for  which  they  prepare  themselves.  It  labors  also 
to  turn  to  the  practical  advantage  of  its  students  scientific  theoretical 
researches,  endeavoring  always  to  unite  in  a  reciprocal  influence  science 
and  practice,  believing  that  the  present  age  has  a  need  of  highly  culti- 
vated and  fully  prepared  technical  men. 

The  course  of  study,  the  general  and  detailed  methods,  all  conspire 
to  accomplish  this  high  purpose.  The  professors  and  teachers  are 
selected  with  the  greatest  care,  and  among  the  former  are  men  of  the 
highest  international  reputation  as  instructors  and  practical  scientists. 

The  students  not  only  attend  the  lectures  and  work  in  the  drawing 
room,  but  in  the  extensive  laboratories  in  experiments  and  in  original 
research.  The  great  enlargements  and  extensions  in  recent  years  of 
the  various  laboratories  show  what  importance  the  management  gives 
to  this  feature  of  the  studies.  It  may  be  mentioned  here  that  in  addi- 
tion to  the  present  buildings  and  laboratories  referred  to  below,  a  labo- 
ratory for  mechanical  investigation,  like  the  best  of  those  in  the  United 
States,  was  not  long  ago  proposed  by  one  of  the  leading  professors  in 
civil  engineering.  Professor  W.  Ritter,  and  the  proposition  is  now  on 
its  way  towards  realization. 

No  fixed  system  prevails  (nor  will  it  ever) ;  from  year  to  year  the 
methods  vary  to  suit  the  ever  advancing  state  of  practical  science. 

In  the  direction  of  tests  of  all  kinds,  and  in  the  development  of 
electrical  facilities,  unusual  advances  have  been  made  recently.  Through 
the  efforts  of  Professor  Weber,  whose  fame  as  an  electrician  is  inter- 
national, a  suitable  building  and  a  very  extensive  electrical  apparatus 
have,  within  the  last  year,  been  opened  up,  attracting  by  its  remarkable 
character  a  pilgrimage  of  electrical  experts  from  all  parts  of  the  world 
to  study  with  the  facilities  and  engage  in  original  research. 

As  to  the  testing  facilities,  I  have  but  to  state  that  it  is  in  charge 
of  Professor  Tetmajer  to  stamp  the  facilities  and  their  use  with  the 
highest  mark  of  perfection ;  so  extensive  and  complete  are  they  that 
the  International  Association  for  Testing  Materials  is  established  here 
under  Professor  Tetmajer,  the  president  of  the  association. 

The  progress  of  science  and  of  "technique,*'  widening  and  extend- 
ing their  domain,  making  in  consequence  greater  and  more  rigorous 
requirements  for  the  preparation  of  technical  men,  have  little  by  little 
forced  a  longer  course  of  study  in  the  special  divisions,  particularly  in 
mechanical  and  electrical  engineering,  also  in  chemistry. 
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Including  the  whole  seven  divisions  of  the  school,  there  are  167 
separate  and  distinct  courses  of  instruction  that  are  obligatory,  and  114 
that  are  not  obligatory,  a  total  of  281,  of  which  40  have  not  yet  been 
put  in  practice.  There  are  regular  students  and  attendants  on  lectures 
{auditeurs).  This  year,  1897-98,  there  are  858  of  the  former  and  307 
of  the  latter,  a  total  of  1,165.  Of  the  regular  students,  516  are  Swiss 
and  342  are  from  20  different  foreign  countries,  Austria-Hungary  lead- 
ing with  82,  Germany  following  with  67,  Italy  with  33,  Russia  28, 
Roumania  22,  America  (all  America)  22,  Great  Britain  15,  Holland  13, 
Scandinavia  12,  and  other  countries  with  lesser  numbers.  The  number 
of  the  regular  students  has  increased  from  562,  in  1871,  to  858  this 
year.  The  teaching  staff  is  as  follows :  60  professors,  44  honor- 
ary professors,  43  assistant  teachers,  assistants  and  private  docents  % 
total  147. 

A  school  of  this  magnitude,  and  it  may  be  said  that  the  buildings 
and  facilities  are  adapted  to  this  large  number  of  students,  must  exert 
a  commanding  influence  on  technical  education  and  must  send  out  to 
many  countries  competent  professional  engineers.  It  therefore  deserves 
some  detailed  mention,  from  which  a  lesson  may  be  learned  for  estab- 
lishing similar  schools  elsewhere.  The  principle  of  obligatory  study, 
obligation  to  conform  strictly  to  rules,  to  be  present  at  recitations  and 
all  other  fixed  functions,  is  absolute.  The  opposite  course  of  freedom 
to  students  to  do  as  they  please  is  considered  subversive  of  good  and 
necessary  discipline,  so  that  the  aiiditeurs  must  conform  to  all  the 
rules  and  regulations  and  punctually  attend  upon  the  instruction. 
These  auditeurs  are  principally  found  in  the  arts  course,  into  which 
such  a  class  of  students  can  be  admitted  without  fear  or  scruple. 

The  minimum  limit  of  age  is  eighteen,  and  the  applicant  must  have 
completed  fully  his  eighteenth  year.  A  certificate  from  a  preparatory 
school  of  high  standing  and  exacting  requirements  is  accepted  in  lieu 
of  an  examination.  The  age  of  eighteen  was  decided  upon  in  1882, 
to  make  it  more  sure  that  the  student  should  not  be  immature  in  his 
preparation. 

The  examination  for  admission  is  severe,  and  the  necessity  for  this 
lies  in  the  conviction,  from  long  experience,  that  it  would  be  extremely 
detrimental  to  the  school,  the  students,  the  professors,  and  its  develop- 
ment to  admit  students  insufficiently  prepared. 

The  examination  of  candidates  for  admission  is  first  on  general  cul- 
ture, and  second  on  special  subjects.     In  the  first,  orthography,  style. 


Report^ upon  Engitieering  Education.  193 

and  logic  are  required  in  a  thesis  to  be  written  in  his  own  or  any  lan- 
guage he  may  select  of  four  —  German,  French,  Italian,  or  English. 

He  must  give  oral  proof  that  he  is  sufficiently  acquainted  with  the 
language  in  which  the  course  he  enters  is  to  be  taught  to  understand 
the  instruction.  He  must  submit  to  an  oral  examination  in  the  history 
of  literature,  political  history,  and  the  natural  sciences. 

In  the  special  subjects,  quite  extensive  knowledge  is  required  of 
arithmetic  and  algebra,  of  geomptry  to  the  construction  and  solution 
of  problems,  of  stereometry,  plane  trigonometry  and  elements  of  spher- 
ical trigonometry,  analytical  geometry  and  conic  sections,  descriptive 
geometry  quite  complete,  physics,  elements  of  the  theory  of  move- 
ment, mechanics  of  solid,  liquid  and  gaseous  bodies,  theory  of  heat, 
knowledge  of  the  principal  phenomena  and  laws  of  magnetic  and  elec- 
tric forces,  chemistry,  simple  and  compound  bodies,  atomic  theory,  etc., 
drawing,  in  line  and  figures,  facility  in  the  execution  of  geometrical 
problems  and  some  skill  in  coloring,  freehand  drawing  and  some  exercise 
in  ornamental  design. 

Coming  now  to  the  courses  of  study,  it  would  be  manifestly  im- 
practicable to  give  more  than  the  most  general  idea  of  them. 

The  school  of  Architecture  requires  three  and  a  half  years.  Begin- 
ning with  higher  mathematics  it  extends  to  the  study  of  styles,  and 
includes  all  the  knowledge  required  by  a  professional  architect,  such  as 
mechanics  applied  to  construction,  art  of  the  civil  engineer,  designs  of 
ornamentation,  hygiene  of  buildings  (sanitation),  modelling,  and  history 
of  ancient  art. 

The  school  of  Civil  Engineering  also  requires  three  and  a  half  years. 
Beginning  with  the  differential  calculus  it  extends  to  electrical  tech- 
nology, and  includes,  among  other  things,  higher  mathematics,  archi- 
tecture and  civil  construction,  physics,  topography,  study  of  machines, 
industrial  geology,  topographical  designs,  graphical  statics,  construc- 
tion of  roads  and  railways,  foundations,  water  works  and  canalization, 
practical  geodesy,  technology  of  constructive  materials,  stone  and  steel 
bridges,  and  study  of  law. 

The  school  of  Industrial  Mechanics  covers  the  same  period  and  is 
fully  extended,  branching  into  more  mechanical  work,  including  the 
construction  of  machines  and  turbines,  and  other  hydraulics.  Electro- 
technology  is  gone  into  much  further,  and  the  principles,  apparatus  and 
methods  of  measurement  of  electricity,  telegraph  wires  and  cables,  and 
a  thorough  course  in  the  electrotechnical  laboratory  of  Professor  Weber, 
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motors,   dynamos,    installation   of    manufactories   and    electric   central 
stations. 

The  school  of  Industrial  Chemistry  is  very  complete  in  its  course 
and  is  also  three  and  a  half  years  in  length,  going  as  far  as  the  in- 
stallation of  various  kinds  of  chemical  works.  This  course  requires 
abundance  of  room,  and  this  it  has  in  a  very  large  building  specially 
and  intelligently  designed  for  the  purpose.  There  is  attached  to  the 
course  a  section  of  pharmacy,  requiring  two  years. 

The  Agricultural  and  Forestry  School  requires  three  years,  and  fits 
the  young  man  for  professional  work  of  this  kind,  so  important  in 
Switzerland,  where  the  greatest  possible  advantage  must  be  taken  of 
the  rather  meagre  conditions  to  promote  their  highest  usefulness.  The 
course,  however,  gives  training  of  use  in  any  country.  This  course 
is  thorough  in  agricultural  chemistry  and  all  the  allied  studies. 

The  Normal  School  of  Mathematical  and  Natural  Sciences  carries 
all  these  and  related  subjects  to  great  perfection,  and  turns  out  teachers 
of  a  high  order  of  merit. 

The  Seventh  Division  is  really  a  university  extension  course  in 
philosophy  and  political  economy ;  with  it  is  a  technical  course  in 
photography,  applied  topography,  calculation  and  construction  of  roofs, 
ice  machines,  operation  of  railways,  industrial  hygiene,  the  technic  of 
the  telegraph  and  telephone,  etc.  In  this  division  is  placed  military- 
science,  which  is  carried  to  great  perfection  in  Switzerland. 

The  buildings  are  six  in  number.  In  the  main  building  are  archi- 
tecture, civil  engineering,  mechanical  engineering,  normal  school  of 
mathematics  and  natural  sciences,  philosophy,  political  economy,  and 
the  library.  Chemistry  is  in  a  large  building,  agriculture  and  sylvi- 
culture in  another,  physics  in  another,  and  there  is  a  good  astronomical 
observatory.  Recently  the  sixth  building  for  electro-physics  has  been 
completed,  and  one  to  be  used  as  a  laboratory  for  mechanical  investi- 
gation above  referred  to  will  soon  be  commenced. 

The  Polytechnic  is  supported  partly  by  the  tuition  fees  and  partly 
by  the  federal  government,  the  city  of  Zurich,  and  by  nearly  a  million 
francs  of  bequests. 

I  will  only  remark  in  closing  this  sketch,  that  while  the  labora- 
tories are  unequalled  in  the  world  and  the  electrical  department  better 
equipped  than  any  other,  they  are  used  for  illustration,  testing,  experi- 
ment.%  and  research,  and  not  at  all  for  manual  training  in  the  use  of 
tools.     The  old  method  of  confining  the  tests  to  illustrations  of  prin- 
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ciples  by  the  teachers  is ,  still  employed,  but  in  recent  years  the  im- 
portance of  testing  materials  has  grown  so  rapidly  that  special  courses 
have  been  established  at  Zurich  in  which  the  students  are  taught  to 
execute  tests  themselves.  *  1 . 

There  is  one  important  feature  of  this  school  which  distinguishes 
it  from  most  of  the  German  and  Austrian  schools  and  from  the 
general  continental  method.  In  these  other  countries,  particularly 
in  Germany,  the  students  are  not  compelled  to  attend  the  lectures 
which  belong  to  the  course.  They  enjoy  what  is  called  *<  Studien- 
freiheit''  (freedom  of  studies).  There  are  no  recitations;  the  stu- 
dents are  obliged  to  pass  through  only  two  examinations  during  the 
entire  course.  The  students,  after  their  long,  confining,  disciplinary 
course  in  the  gymnasiums  and  other  preparatory  schools,  are  now  let 
loose,  as  it  were,  and  they  revel  in  the  new  freedom  and  make  the 
most  of  it,  often,  possibly,  to  their  detriment. 

At  Zurich  it  is  entirely  different.  There  are  weekly  recitations  in 
every  important  course,  promotions  are  made  annually,  and  certificates 
are  given  the  students  semi-annually.  Those  who  do  not  apply  them- 
selves to  their  studies  are  sent  away.  All  this  induces  more  earnest 
study  and  work  than  in  the  German  schools. 

Tf  one  takes  the  pains  to  question  engineers  of  high  standing  in 
Austria,  Hungary,  and  possibly  Italy  and  other  countries,  he  will  dis- 
cover that  the  fact  of  graduation  at  the  Zurich  Polytechnic  is  con- 
sidered a  sufficient  guaranty  of  possessing  the  best  and  highest  possible 
engineering  education  in  all  Europe.  It  is  always  with  pride  and  confi- 
dence that  the  engineer  answers  the  question  as  to  where  he  was  edu- 
cated by  saying,  "  I  studied  at  Zurich,"  even  so  far  away  as  Budapest 
or  in  Roumania. 

Germany. 

The  thotough,  systematic,  scientific  education  of  Germany  places  it 
high  on  the  list  of  educational  countries.  Germany  was  formerly  (and 
is  still)  the  Mecca  of  those  postgraduates  of  our  country  who  desired 
to  go  beyond  the  ability  of  American  universities  and  colleges  and 
beyond  their  courses  of  study,  and  also  beyond  the  professional  courses 
of  study  in  law,  medicine,  and  engineering,  as  well  as  in  special  studies. 

The  engineering  schools  could  not,  in  their  special  methods,  be 
further  improved.  They  were  on  the  top  and  secure  there,  and  the 
same  may  be  said  of  purely  technical  and  industrial  education,  which 
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has  done  so  much  for  German  mechanics,  artisans,  tradesmen,  mer- 
chants, and  commercial  men.  All  these  departments  of  industrial 
education  are  supervised  and  controlled  by  the  State.  The  result 
has  been  that  the  Germans  at  home  and  abroad  have  commercially 
distanced  the  British,  in  new  countries  particularly,  and  have  invaded 
the  world's  markets  with  their  industrial  output,  and  to  such  an  extent 
have  they  interfered  with  British  markets  that  a  genuine  alarm  has 
been  sounded  in  Great  Britain,  not  by  the  educational  enthusiasts 
alone,  but  by  the  conservative  merchants  and  manufacturers,  resulting 
in  appeals  for  a  higher  and  more  thorough  technical  education.  Sec- 
ondary education  is  receiving  just  now  more  attention  in  Great  Britain 
than  ever  before.  Committees  of  investigation  have  been  sent  from 
Manchester  and  other  industrial  cities  to  Switzerland  and  Germany 
to  study  the  methods  of  education,  returning  to  their  homes  with 
unanimous  reports  of  the  superiority  in  every  direction  of  the  conti- 
nental methods,  with  the  prophecy  that  trade  will  be  entirely  lost  and 
they  will  be  distanced  even  more  markedly  than  now  if  something  is 
not  done  to  remedy  the  existing  unsatisfactory  methods  of  industrial 
education. 

We  would  naturally  expect  to  find,  not  only  the  perfection  of  indus- 
trial education  in  Germany,  but  of  professional  engineering  education 
as  well,  at  Charlottenburg,  Munich,  Dresden,  Hanover,  Braunschweig, 
Darmstadt,  Carlsruhe,  and  Stuttgart,  and  we  do  find  it,  especially  in 
scientific  education,  as  well  as  in  experimental  and  research  methods 
with  the  new  apparatus  for  this  work  now  being  installed. 

As  characteristic  of  these  royal  technical  high  schools,  Hanover 
may  be  taken  as  a  fair  sample  of  all.  I  have  before  me  the  Pro- 
gramm  of  1897-98.  Students  are  admitted  who  have  graduated  at 
the  gymnasium  of  the  first  order,  like  that  described  above,  at  Bern. 
There  are  four  departments,  architecture,  civil  engineering,  mechan- 
ical engineering,  and  the  school  of  chemistry  and  electrotechnology 
and  of  general  engineering. 

The  extent  and  thoroughness  of  the  courses  may  be  seen  by  taking 
that  of  mechanical  engineering  for  illustration,  which  carries  the  student 
from  his  one  year  of  practice  in  the  shops  after  his  graduation  from 
the  Real  Gymnasium^  through  four  and  one-half  years  of  instruction 
combined  with  laboratory  work,  from  the  scientific  principles  to  the 
most  advanced  practical  studies.  Perhaps  a  better  idea  of  the  extent, 
thoroughness,  and  practicability  of  the  course  from  beginning  to  end 
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may  be  gathered  from  a  letter  recently  received  from  a  prominent 
German  educator,  a  professor  in  one  of  the  best  royal  technical 
high  schools. 

It  describes  the  course  of  education  required  by  a  mechanical  engi- 
neer to  enter  the  service  of  the  government :  from  six  to  ten  years 
of  age  in  the  primary  schools  preparing  for  the  Real  Gymnasium  r 
from  ten  to  nineteen  years  of  age  in  the  latter  school ;  from  nineteen 
to  twenty  in  practice,  one  year  in  a  workshop  manufactory,  though 
it  is  better  to  take  this  year  of  practice  after  a  year  in  the  military/ 
service;  from  twenty  to  twenty-five,  four  and  a  half  years  in  the- 
Konigliche  Technische  Hochschule  (Royal  Technical  College).  At 
the  end  of  two  years  in  this  college  a  thorough  and  rigid  examination 
must  be  passed,  and  at  the  end  of  the  course  the  final  examination  ; 
success  in  this  latter  examination  secures  appointment  as  Director  of 
Government  Construction.  There  must  then  be  two  years  of  practical 
work  in  government  service,  and  then  follows  an  examination  by  the. 
state  for  the  final  diploma.. 

Those  who  wish  to  enter  the  high  service  of  the  government  as 
mechanical  engineers  must  take  three  semesters  in  the  university  in 
jurisprudence  and  political  economy. 

As  to  laboratory  methods,  a  remarkable  change  has  taken  place 
within  the  last  few  years.  When  I  examined  into  this  question  in 
1 89 1,  there  was  perhaps  only  one  school  (Munich)  which  had  a  steam 
engine  for  laboratory  work;  now  all  of  them  are  fairly  well  equipped 
with  a  steam  plant,  and  rapid  strides  are  now  being  made  in  all  the 
royal  technical  schools  in  equipping  themselves  with  complete  apparatus. 

The  industrial  and  commercial  activities  and  ambitions,  in  scientific 
and  practical  directions,  have  given  an  extraordinary  impulse  to  tech- 
nical education.  This  has  resulted  in  the  "installation'*  of  ample  and 
richly  equipped  laboratories  for  engineering  in  connection  with  the 
engineering  departments  of  the  high  schools.  "All  these  new  plants- 
will  be  much  larger  and  of  wider  range  than  ours  at  Munich,  They 
are  not  yet  finished,  but  in  a  year  or  two  you  will  be  astonished  at 
seeing  that  we  are  equalling  the  Americans  in  their  kind  of  engineer- 
ing education." 

**  I  must  add,  to  avoid  a  misunderstanding,  that  there  is  no  manual 
training  at  all  in  these  laboratories ;  that  is,  we  have  no  workshops  in 
connection  with  the  technical  high  schools,  but  we  send  the  young 
men  to  practical  engineering  work  for  practical  training." 
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The  above  is  from  a  letter  recently  received  from  the  director  of 
the  Munich  Royal  Technical  High  School. 

I  have  before  me  descriptions  and  illustrations  of  two  of  these  new 
plants,  one  at  Darmstadt  and  the  other  at  Stuttgart.  They  are  very 
•complete,  and,  being  entirely  new,  are  in  accordance  with  the  latest 
experience  of  the  world.  The  designers  have  evidently  personally 
studied  all  the  prominent  plants  on  both  sides  of  the  water,  and  have 
taken  advantage  of  the  good  qualities  and  have  avoided  the  defects  of 
others.  In  the  development  of  laboratory  methods,  plant  and  facilities, 
what,  as  in  naval  development,  was  considered  suitable  ten  years  ago 
is  now  often  only  fit  for  the  scrap  pile.  The  German  technical  colleges 
have  profited  by  all  this  experience.  It  will  soon  be  profitable  for 
American  technical  teachers  to  visit  these  new  laboratories  and  study 
their  design  ahd  adopt  their  excellences. 

As  might  be  expected,  electricity  has  been  given  a  prominent  place 
in  these  laboratories. 

We  find  at  Hanover  all  the  testing  machines  needed  for  testing 
the  strength  of  materials,  for  experiments  on  the  flow  of  liquids  in  the 
face  of  the  wind,  air  compressors,  discharge  of  water  through  orifices, 
determination  of  contents  of  velocity  of  flow,  indicators  with  steam,  gas 
and  petroleum  engines  and  turbines  of  various  kinds,  with  a  variety  of 
dynamos,  and  with  many  attachments  for  measuring  electric  forces. 

From  a  letter  just  received  from  Professor  Hempel,  of  the  Dresden 
Royal  Technical  College,  I  learn  that  they  have  there  a  complete  outfit 
of  various  kinds  of  experimental  machines :  three  steam  engines  of  vary- 
ing power,  gas,  petroleum  and  water  motors,  experimental  boiler,  testing 
jnachines  of  various  kinds,  and  an  electric  institute  with  a  variety  of 
dynamos  and  their  attachments ;  and  further,  that  this  spring  two  new 
institutes  will  be  commenced  in  connection  with  the  college,  each  cost- 
ing 800,000  marks  ($200,000). 

Notwithstanding  the  present  advanced  state  of  technical  education 
in  Germany,  there  is  dissatisfaction  and  unrest  and  ambition  for  better 
methods,  more  in  respect  to  the  personnel  than  the  laboratory.  One 
of  the  most  learned  advocates  of  the  more  practical  teaching  is  Professor 
A.  Reidler,  of  Charlottenburg,  who  has  written  much  earnest  argument 
in  favor  of  ingrafting  into  German  methods  more  practicality  and  doing 
away  with  some  of  the  present  dogmatic  teaching,  which  may  be  called 
a  German  national  characteristic,  which  is  unlike  the  common  sense 
characteristics  of  the  Anglo-Saxon  peoples.     He  considers  it  necessary 
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to  give  the  students  **  more  thorough  knowledge  by  means  of  practical 
application  by  teachers  who  understand  such  application  and  work  in 
the  spirit  of  true  practice  and  economy.  The  teachers  of  the  technical 
sciences  must  be  acquainted  with  the  actual  facts  from  their  personal 
activity,  and  must  be  masters  of,  and  know  how  to  put  into  practice^ 
the  art  which  they  undertake  to  teach." 

The  following  will  apply  anywhere  in  the  world,  and  is  in  accord 
with  the  principle  in  full  activity  at  the  University  of  Chicago,  where 
the  professors  and  the  teachers  in  all  departments  are  expected  to 
accomplish  some  original  work  and  to  be  in  earnest. 

"  In  the  technical  colleges  a  lively  mental  competition  of  the  teach- 
ers ought  to  be  produced  by  parallel  professorships  and  by  attracting 
teachers  from  practical  life.  The  success  of  the  colleges  and  of  the 
national  productive  activity  is  dependent  upon  this.  The  damaging  of 
an  entire  generation  and  nation  by  a  single  college  teacher  who  is  not 
capable  of  doing  his  work,  or  whom  a  false  or  outlived  reputation  sur- 
rounds, is  much  greater  than  the  damage:  which  dozens  of  dismissed 
army  officers  would  have  been  able  to  do.'* 

If  the  earnest  spirit  and  purpose  and  the  suggestions  so  forcibly 
put  become  a  part  of  German  education,  as  they  are  likely  to  become, 
it  can  be  seen  that  nothing  but  the  best  of  schools  and  methods  and 
spirit  of  instruction  will  ever  be  able  to  hold  back  our  young  men  from 
Charlottenburg  and  other  German  centers  of  education. 

Italy. 

Any  one  at  all  familiar  with  Italy  and  its  works  on  land  and  sea' 
must  come  to  the  conclusion  that  these  excellent  constructions  have 
behind  them  the  best  methods  of  engineering  and  architectural  edu- 
cation. The  skill  of  the  old  Romans  has  evidently  been  transmitted 
to  their  descendants.  The  Italian  maritime  engineers  (I  am  not  much 
acquainted  with  the  works  of  other  kinds)  combine  happily  the  good 
common  sense  of  the  British  and  the  precision  and  good  taste  of  the 
French.  Their  works  are  made  to  stand,  and  their  proportions  and 
designs  are  elegant  and  artistic. 

I  have  now  for  the  first  time  had  an  opportunity  of  becoming  ac- 
quainted with  the  methods  of  engineering  education  prevailing  here, 
through  the  kindness  of  Professor  Guiseppe  Colombo,  member  of  Par- 
liament and  the  director  of  the  Institute  Technico  Superiors  of  Milan, 
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and  late  minister  of  public  works ;  and  by  the  assistance  of  Professor 
L.  Cremona,  Senator  (vice-president  of  the  Senate),  and  the  director 
of  the  Engineering  School  of  Application  at  Rome. 

The  programs  of  these  excellent  schools  show  them  to  be  equal, 
in  respect  to  the  curriculum,  to  any  of  the  schools  of  the  Continent. 

These  are  royal  schools  and  managed  by  the  government.  There 
are  others  similar  at  Turin,  Padua,  Bologna,  Naples,  and  Palermo. 

The  government  engineering  service,  which  recruits  its  engineers 
from  the  schools  above  mentioned,  is  very  extensive  and  requires  many 
■engineers.  The  Ministry  of  Finance  deals  with  all  sorts  of  products, 
such  as  tobacco,  spirits,  powder,  matches,  salt,  etc.  The  Public  Works 
Department  includes  within  its  control  maritime  and  inland  navigation 
works.  The  Department  of  Agricultural  Industry  and  Commerce  is 
concerned  with  irrigation,  the  execution  of  laws  relating  to  manufac- 
tories, electrical  transmission,  and  topography.  So  that  the  government 
engineers  require  training  and  knowledge  of  various  kinds,  in  order  to 
be  fitted  for  the  duties  of  these  various  departments. 

Employment  by  the  government  requires  not  only  diplomas  of 
graduation  from  the  government  schools,  but  in  addition  special  ex- 
aminations, which  are  periodically  carried  on  at  Rome,  and  relate  to 
the  studies  particularly  required  in  the  branch  of  public  service  to  which 
the  candidate  makes  application  for  entrance. 

In  order  that  the  engineering  student  may  enter  either  the  uni- 
versity (in  which  he  must  pass  two  years  in  the  mathematical  section 
before  being  admitted  to  an  engineering  school)  or  the  preparatory 
school  of  the  superior  Technical  Institute  of  Milan  (which  was  founded 
in  substitution  of  the  two  years  of  the  university),  it  is  necessary  for 
him  to  have  a  diploma  of  the  Lyceum,  or  of  a  technical  institute. 
(The  technical  institutes  are  schools  of  secondary  instruction,  without 
<jrreek  or  Latin,  and  with  special  scientific  courses.) 

There  are  no  limits  to  the  age  of  entrance  in  the  schools  of  appli- 
cation, but  the  requirements  are  such  as  to  raise  the  age  above  that 
usually  found  in  the  entering  class  of  American  or  English  technical 
colleges.  The  whole  course  of  study  would  be  something  as  follows : 
The  boy,  at  eight  or  nine  years  of  age,  enters  the  elementary  school, 
-which  holds  him  for  about  four  years ;  then  the  Gymnasium,  Lyceum, 
or  Technical  Institute  keeps  him  five  to  six  years,  the  University  (or 
the  preparatory  school  of  Milan)  two  years  more,  the  School  of  Appli- 
cation three  years  more  —  total  educational  course  fourteen  to  fifteen 
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years.  He  may  then,  if  he  has  passed  all  through  successfully,  receive 
the  diploma  of  engineer,  at,  say,  twenty-three  to  twenty-four  years  of 
age. 

At  the  Milan  school  there  is  a  mechanical  laboratory,  with  steam 
engines,  gas  engines,  pumps,  turbines,  and  other  machinery  for  testing 
and  experimental  purposes,  with  a  special  laboratory  for  testing  the 
strength  of  materials.  The  manual  training  method  is  in  use  at  Milan 
for  the  special  purpose  of  training  the  industrial  section,  which  com- 
prises about  one-half  of  the  students.  These  students  are  sent  period- 
ically to  remain  some  days  in  several  engineering  workshops,  so  as  to 
watch  the  process  of  casting,  tool  working,  and  the  use  of  machinery. 
At  the  end  of  the  yearly  studies  all  the  students  make  a  journey 
together,  under  the  direction  of  one  of  the  professors,  to  examine  the 
most  important  works  of  various  kinds  in  the  country,  in  civil  engi- 
neering, railways,  bridges,  harbors,  etc.,  and  also  some  of  the  important 
manufacturing  districts.  Often  during  the  semester  the  students  are 
taken  by  the  professors  to  workshops  and  factories  to  illustrate  the 
studies  in  the  various  courses  as  they  proceed  with  them. 

There  are  two  special  electrical  institutes  in  Italy,  one  in  Turin 
and  the  other  in  the  Polytechnic  at  Milan,  the  former  particularly 
supported  by  local  funds,  and  the  latter  an  entirely  private  enterprise 
founded  by  the  late  Mr.  Erbay,  a  great  manufacturer  of  Milan.  Both 
these  institutes  have  special  laboratories  for  conducting  all  manner  of 
electrical  tests,  and  are  well  supplied  with  dynamos  and  all  other  elec- 
trical apparatus  required. 

At  Milan,  also,  in  addition  to  this  electrical  course,  there  are  three 
sections,  civil  engineering,  mechanical  engineering,  and  architecture. 

The  other  royal  schools  above  mentioned  graduate  only  civil  engi- 
neers and  architects,  and  the  total  number  graduated  per  annum  in  all 
the  schools  is  about  three  hundred,  with  about  fifty  industrial  engineers 
at  Milan.  The  total  number  of  students  in  all  the  schools  is  about 
twelve  hundred. 

An  examination  in  detail  of.  the  school  at  Rome,  in  company  with 
several  of  the  professors  of  agriculture,  chemistry,  electricity,  and  civil 
engineering,  showed  this  school  to  be  well  equipped  in  all  departments. 
As  it  is  purely  a  civil  engineering  school  it  would  not  be  expected  to 
have  a  large  steam  engine  plant,  but  it  has  a  good  equipment  for 
testing  materials,  and  a  dynamo  plant  with  every  kind  of  metre  for 
measuring  electrical  forces  and  conditions. 
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The  architectural  department  is  not  large,  but  gives  the  highest 
instruction  under  the  charge  of  Professor  Enrico  Guj,  one  of  the  lead- 
ing architects  of  Rome.  He  is  vice-director  of  the  school,  presiding 
over  it  in  the  absence  of  Senator  Cremona,  who  is  vice-president  of 
the  Roman  Senate. 

Russia. 

There  are  two  polytechnic  schools,  at  Helsingfors  and  at  Riga, 
with  four  or  five  faculties,  like  the  polytechnic  schools  of  Germany, 
and  their  courses  of  study  are  much  like  those  of  the  German  schools. 

There  are  besides  these  three  technological  institutes  at  St.  Peters- 
burg, Moscow  and  Rarkoff,  with  two  faculties,  mechanical  engineers 
and  chemistry,  also  two  institutes  for  railway  and  bridge  engineers. 
These  are  at  St.  Petersburg  and  Moscow.  At  St.  Petersburg  there 
is  one  institute  for  mining  engineers,  two  institutes  for  architects,  and 
also  one  institute  for  electrical  engineers;  this  is  specially  to  educate 
electrical  engineers  for  the  telegraph  department  of  the  government. 
Two  years  ago  a  technological  institute  was  founded  in  Tomsk,  Si- 
beria. This  year  two  polytechnic  schools  will  be  established  in  Kieff 
and  Warsaw. 

All  the  technical  schools  are  established  by  the  general  government 
except  the  Riga  School,  which  was  founded  by  the  municipality  and 
the  merchants.  The  government,  however,  is  to  give  an  annual  sub- 
sidy to  this  school,  and  its  gp:aduates  will  have  the  same  status  as 
those  of  the  government  schools.  All  students  must  pass  an  annual 
examination  successfully  in  order  to  pass  from  one  class  to  a  higher 
or  to  receive  a  diploma.  Only  graduates  of  these  schools  can  engage 
in  government  service  —  on  harbors,  railways,  telegraphs,  architecture, 
bridges,  etc. 

To  enter  these  schools  the  student  must  have  graduated  from  a 
Real  Gymnasium^  as  in  Germany.  Greek  and  Latin  are  not  required ; 
there  is  no  limit  to  the  age  of  admission.  Steam  engineering  labora- 
tories are  just  now  being  introduced  into  the  technical  schools.  Stu- 
dents in  mechanical  engineering  are  obliged  to  work  as  workmen  in 
the  workshops  in  the  vicinity,  and  to  finish  a  series  of  bolts,  screws, 
keys,  valves,  parts  of  machines  of  various  kinds,  etc. ;  also  to  learn  to 
take  off  indicator  diagrams  from  steam,  gas,  or  petroleum  motors. 
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United  States. 

Massachusetts  Institute  of  Technologyy  Boston,  This  important 
school  of  technical  education  is  so  well  known,  both  in  the  United 
States  and  in  Europe,  that  there  need  be  given  only  its  salient  features 
for  the  purpose  of  comparison  with  European  schools  and  methods. 
It  may  be  properly  styled  a  scientific  school  applying  its  science  to 
the  useful  arts.  There  are  thirteen  distinct  but  correlated  courses  of 
study,  embracing  civil,  mechanical,  mining,  and  electrical  engineering, 
architecture,  naval  architecture,  chemistry  and  chemical  engineerings 
and  courses  in  physics,  geology,  and  biology,  and  following  the  last> 
sanitary  engineering.  There  is  also  a  course  in  "  general  studies  *' 
to  prepare  students  for  trade,  banking,  etc.,  requiring  a  knowledge  of 
political  economy  and  kindred  studies.  Admission  requirements  are 
expected  to  meet  the  case  of  students  graduating  from  the  ordinary 
American  high  school  (not  the  German  Hoc/ischule^  which  is  really 
a  technical  college,  but  like  the  German  Real  Gymnasiunt),  or  from 
the  English  and  scientific  departments  of  the  preparatory  schools  for 
college.  The  examinations  embrace  algebra,  plane  geometry,  advanced 
algebra  or  solid  geometry,  history,  French  or  German,  and  English 
grammar  and  composition.  The  examinations  are  quite  rigorous,  and 
many  applicants  are  rejected.  They  are  expected  to  compel  maturity. 
The  average  age  of  students  on  entering  is  somewhat  over  eighteen 
years,  the  same  age  as  at  Zurich,  except  that  at  the  latter  eighteen 
years  is  a  requirement,  and  a  rigid  one,  where  if  the  year,  for  instance, 
begins  in  October  and  the  student  is  eighteen  in  November,  he  cannot 
enter.  At  Boston  there  are  some  few  students  sixteen  years  of  age 
at  entrance ;  the  ages  range  from  sixf een  to  twenty-two,  the  average 
being  eighteen  years  and  eight  or  nine  months. 

The  length  of  the  regular  course  is  four  years.  The  aim  of  the 
course  is  to  make  the  pupil  observant  and  exact,  to  give  him  a  desire 
and  ability  for  research  and  experiment,  to  give  him  a  good  foundation 
in  those  studies  which  underlie  the  practice  of  the  scientific  profession, 
and  to  give  him  all  the  practical  and  technical  knowledge  required  for 
this  purpose. 

There  are  six  buildings,  all  within  convenient  distance  of  each  other. 
Everything  is  on  a  large  scale,  and  it  must  be  to  take  care  efficiently  of 
about  twelve  hundred  students,  the  number  taught  in  1896-97.  There 
were,  in  the  same  year,   153   teachers,  including  professors,  associate 
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professors,  assistant  professors,  instructors,  assistants,  and  lecturers. 
The  students  come  from  thirty-nine  States  of  the  United  States;  the 
larger  number,  or  about  sixty-one  per  cent.,  were  from  Massachusetts ; 
twenty  were  from  foreign  countries.  Since  1890  twenty-nine  foreign 
countries  have  had  representatives  in  the  lists  of  students. 

There  were  last  year  eighty  graduate  students^  engaged  on  special 
studies ;  sixty-nine  of  these  are  from  other  institutions,  some  of  them 
being  the  foremost  colleges  of  the  country.  Women  are  admitted  to 
many  of  the  courses;  there  were  seventy-one  in  1896-97. 

The  degree  of  Bachelor  of  Science  (S.B.)  is  given  for  the  success- 
ful completion  of  any  of  the  four-year  courses,  followed  by  advanced 
degrees  upon  completing  advanced  courses  at  the  Institute. 

To  go  into  the  details  of  the  equipment  of  the  buildings  would  be 
impracticable.  All  of  them  for  their  various  purposes  are  completely 
equipped  with  everything  required  for  teaching,  illustrating  and  experi- 
menting, and  for  research  work.  While  there  are  extensive  workshops 
they  are  not  considered  "factories"  but  laboratories.  "It  is  not  the 
thing  made,  but  the  training,  the  discipline,  the  practice,  which  the 
student  obtains  in  the  making." 

A  brief  summary  of  the  equipment  must  certainly  be  given,  other- 
wise no  adequate  idea  of  the  scope  and  extent  of  the  school  could 
be  formed.  In  the  woodworking  department  are  forty  carpenter's 
benches,  two  circular  saw  benches,  a  swing  saw,  two  jig  saws,  a  buzz 
planer,  a  mortising  machine,  thirty-six  wood  lathes,  a  large  pattern 
maker's  lathe  and  thirty-Six  pattern  maker's  benches.  The  foundry 
contains  a  cupola  furnace,  two  brass  furnaces,  a  core  oven  and  thirty- 
two  moulder's  benches.  The  forge  shop  contains  thirty-two  forges, 
seven  blacksmith's  vises,  and  one  blacksmith's  hand  drill.  The  ma- 
chine shop  contains  twenty-three  engine  lathes,  seventeen  hand  lathes 
fitted  with  slide  rests,  two  machine  drills,  three  planers,  a  shaping 
machine,  two  universal  milling  machines  furnished  with  spiral  and 
gear-cutting  attachments,  a  universal  grinding  machine,  a  cutter  and 
ream  grinder,  a  24-inch  standard  measuring  machine,  thirty-two  vise 
benches  arranged  for  instruction  in  bench  work,  and  a  fully  equipped 
tool  room.  A  power  hammer  will  be  added  to  the  equipment  of  the 
forge  shop  during  this  year.  It  will  be  noted  that  this  equipment  is 
not  in  the  laboratories  or  for  laboratory  work. 


1  The  number  during  the  year  1902-03  is  161,  out  of  a  total  of  1,608  students. 
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There  are  practically  eight  distinct  laboratories :  for  physics,  chem- 
istry, mining  and  metallurgy,  engineering  (including  applied  mechanics 
and  hydraulics),  biology,  architecture,  and  geology,  and  the  mechanical 
laboratory,  or  workshop,  above  mentioned. 

There  are  eighteen  separate  rooms  in  the  laboratory  of  physics 
alone,  many  of  them  of  large  size,  devoted  to  general  physics,  electric 
dynamos,  electric  engineering,  heat  measurements,  physical  chemistry, 
acoustics,  and  optics.  The  laboratories  comprise  in  all  thirty  rooms. 
The  engineering  laboratory  is  very  complete  and  extensive,  occupying 
two  floors  in  the  large  engineering  building ;  it  comprises  steam  engi- 
neering, hydraulics,  testing,  and  a  room  for  cotton  machinery. 

The  steam  department  has  a  triple  expansion  engine  of  160  H.  P., 
with  smaller  steam  engines.  The  hydraulic  laboratory  contains  a  closed 
tank  5  feet  in  diameter  and  27  feet  high,  connected  with  a  standpipe 
10  inches  in  diameter  and  70  feet  high;  all  necessary  connections  are 
made  with  it  for  every  variety  of  hydraulic  experiments,  and  one  finds 
all  sorts  of  hydraulic  metres,  pipes,  gauges,  weirs,  various  orifices, 
nozzles,  etc. 

The  laboratory  for  testing  materials  has,  first,  an  Emery  testing 
machine  of  300,000  pounds  capacity,  also  one  of  100,000  pounds,  for 
testing  transversely. 

The  biological  laboratory  is  unique  and  important ;  it  is  used 
mainly  for  the  purpose  of  the  investigation  of  the  physical,  chemical, 
and  physiological  conditions  of  sanitary  problems  in  water  supply 
engineering. 

In  the  architectural  laboratory  are  not  only  all  the  modelling  appa- 
ratus required,  but  a  complete  plumbing  system  for  study. 

The  geological  laboratory  provides  for  mineralogy,  lithology,  and 
structural  and  economic  geology.  These  various  departments  and  labo- 
ratories have  conveniently  at  hand  their  own  departmental  libraries, 
some  of  them  quite  extensive  and  all  well  selected.  There  is  also  a 
large  general  library.  All  books  and  all  instruction  in  the  laboratories 
have  for  the  main  purpose  the  teaching  of  scientific  and  practical  engi- 
neering. The  total  number  of  volumes  and  pamphlets  in  all  libraries 
is  about  55,000.^ 

It  may  again  be  remarked  here  that  it  is  the  purpose  always  to 
make  professional  engineers,  not  mechanics.     All  work  in  laboratories 


1  The  present  number  is  about  80,000.  —  Ed. 
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and  shops  is  considered  as  so  many  problems,  teaching  various  opera- 
tions and  the  use  of  the  appropriate  tools,  the  work  being  considered 
necessary  from  the  point  of  view  of  mental  as  well  as  manual  training. 
To  give  the  various  courses  of  study  covering  all  departments  would 
be  impracticable,  but  in  order  to  convey  an  idea  of  them  one  will  be 
given,  that  of  electrical  engineering,  the  five  years*  course,  which  com- 
prises the  same  studies  carried  to  the  same  extent  as  the  regular  four 
years'  course,  it  being  instituted  to  permit  students  to  take  a  year's 
extra  time  for  the  course. 


VI.    Electrical  Engineering. 

FIRST   YEAR. 


First  Term, 
Algebra  (or  Solid  Geometry) 
Plane  Trigonometry 
Rhetoric  and  English  Composition 
French  or  German 
Mechanical  Drawing 
Freehand  Drawing 
Military  Science 


Second  Term. 
Analytical  Geometry 
Plane  Trigonometry 
Political  History  since  1815 
French  or  German 

Mechanical  Drawing  and  Descriptive  Geom- 
etry 
Freehand  Drawing 
Military  Science 


SECOND   YEAR. 


First  Term, 
General  Chemistry 
Chemical  Laboratory 
Carpentry  and  Metal  Turning 
Differential  Calculus 
Descriptive  Geometry 
English  Literature 
German  (or  French) 
American  History 


Second  Term, 


General  Chemistry 

Chemical  Laboratory 

Carpentry  and  Wood  Turning 

Integral  Calculus 

English  Literature  and  Composition 

German  (or  French) 


THIRD  YEAR. 


First  Term, 

Acoustics 

Physics,  Mechanics,  Wave  Motion 

Electricity 

Principles  of  Mechanism 

Geiman  (or  French) 

Political  Economy 

Business  Law 


Second  Term, 
Physics 
Physical     Laboratory:      General     Physical 

Measurements 
Magnetism,  Electricity 
Mechanism,  Gear  Teeth 
Machine  Tools 
Drawing 

Geiman  (or  French) 

Political  Economy  and  Industrial  History- 
Business  Law 
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FOURTH  YEAR. 
First  Term.  Second  Term. 

Physics:  Heat  Physical  Laboratory:    Heat  and  Electrical 
Physical    Laboratory:     General    Physical  Measurements 

Measurements  Theoretical  Electricity 

Theoretical  Electricity  Electrical  Measuring  Instruments 

Methods  of  Telegraphy  Steam  Engineering,  Boilers 

Steam  Engineering :  Valve  Gears,  Thermo-  Engineering  Laboratory 

dynamics  Drawing 

Drawing  Strength    of    Materials:     Kinematics    and 
General  Statics  Dynamics 

Method  of  Least  Squares  Precision  of  Measurements 

FIFTH  YEAR. 

First  Term.  Second  Term. 

Technical  Applications  of  Electricity  Technical  Applications  of  Electricity 

Physical   Laboratory:    General    Electrical        Engineering  Laboratory 

Testing  Differential  Equations 

Theory  of  Alternating  Currents  Thesis 

Photometry  Options 

Steam  Engineering  Physical  Laboratory 

Dynamics  of  Machines  Mathematical  Theory  of  Electricity 

Hydraulics 

Engineering  Laboratory 
Strength  of  Materials:  Friction 

Worcester  Polytechnic  Institute^  Worcester^  Mass.  No  doubt  this 
excellent  school,  presided  over  by  Dr.  T.  C.  Mendenhall,  of  inter- 
national reputation  as  a  leading  practical  scientist,  takes  front  rank 
with  the  best  schools  of  the  world. 

The  requirements  for  admission  are  a  minimum  age  of  sixteen 
years ;  average  age  is  actually  over  eighteen. 

Examinations  must  be  passed  successfully  in  United  States  history, 
English  language,  algebra,  plane  and  solid  geometry,  French  or  German. 
In  reference  to  the  English,  the  requirements,  beginning  in  1899,  are 
those  adopted  by  the  New  England  Association  of  Colleges  and  Pre- 
paratory Schools.  All  the  subjects  above  mentioned  musl  be  fully 
understood.  A  suggestion  is  given  in  the  requirements  that  it  wo.uld 
be  advisable,  before  applying  for  admission,  to  take  a  full  high  school 
course,  "  including,  if  possible,  such  knowledge  of  Latin  and  Greek  and 
ancient  and  mediaeval  history  as  is  generally  required  for  admission  to 
college." 

At  the  date  of  founding  the  institution,  1865,  and  in  the  genera- 
tion preceding,  any  one  desiring  to  enter  a  branch  of  the  engineering 
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profession  had  to  serve  for  a  longer  or  shorter  period  with  some  expert 
practicing  engineer  as  an  apprentice,  and  pick  up  what  professional 
knowledge  he  could,  under  often  very  unfavorable  conditions.  If  he 
began  this  apprenticeship  in  early  life  he  was  forever  held  back  from 
a  high  and  useful  position  by  the  lack  of  a  liberal  education.  If  he 
obtained  the  latter  before  he  entered  upon  his  engineering  work  he 
had  still  to  begin  at  the  bottom  to  learn  the  rudiments  of  engineering. 

The  object  of  founding  the  Institute  was  to  combine  in  the  school 
two  essential  conditions  of  success  —  study  and  laboratory  work.  As 
to  the  laboratory,  a  distinction  is  made  between  machinery  and  manual 
training.  The  dominant  idea  is  that  the  former  is  essential,  and  in 
these  days  of  machinery  development  the  latter  is  not,  except  for  the 
mechanic  and  artisan,  which  the  school  does  not  pretend  to  send  out. 

"  In  the  so-called  manual  training  schools,  or  in  trade  schools,  this 
other  is,  and  sometimes  must  be,  the  end  in  view ;  but  in  the  education 
of  the  engineer  exercises  in  the  workshop  should  be  planned  and  con- 
ducted so  as  to  furnish  a  discipline  and  a  training  of  a  distinctly  higher 
order." 

In  the  very  extensive  workshops  this  end  is  always  kept  in  view, 
and  the  greater  part  of  the  output  of  the  shops  **  consists  of  special 
machines,  appliances  and  devices  which  have  been  originally  designed 
and  developed  there,  and  which  represent  the  result  of  actual  engi- 
neering practice  on  the  part  of  the  students  and  professors."  These 
extracts  are  from  the  Calendar  of  1897-98. 

There  are  five  courses  of  study :  mechanical,  civil,  and  electrical 
engineering,  chemistry,  and  a  general  scientific  course.  They  are  each 
four  years  in  length,  with  an  opportunity  for  an  advanced  year's  work 
in  electrical  engineering. 

The  plan  of  instruction  is  by  lectures,  recitations,  and  laboratory 
and  workshop  practice.  The  scope  and  extent  ot  each  course  is  fully 
as  great  as  that  of  .the  Massachusetts  Institute  of  Technology  pre- 
viously mentioned.  The  laboratories  are  equipped  with  the  latest  and 
best  machines  and  other  appliances  for  all  manner  of  experimental 
work  and  tests. 

Engineering  as  a  Learned  Profession. 

We  have  now  taken  all  the  space  and  time  at  command  in  outlining 
the  methods  of  education  in  many  countries.     The  national  differences 
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appear  plainly,  and  need  not  even  be  summarized ;  it  might  lead  to 
invidious  comparisons  to  do  so,  and  consequently  to  criticism  and  mis- 
understanding. I  must  leave  you  to  form  from  the  description  your 
own  conclusions  as  to  which  country  or  countries  possess  the  best 
methods.  What  is  best  for  one  may  not  be  for  another;  "circum- 
stances alter  cases  *'  in  nothing  more  than  in  educational  methods. 
What  might  be  necessary  for  a  young  man  to  have  -in  the  way  of 
training  in  Worcester,  Massachusetts,  might  not  be  at  all  suitable  for 
a  young  man  in  Worcestershire,  England,  or  in  Bern,  Switzerland. 
What  I  wish  to  present  ultimately  is  the  character  of  the  school  that 
ought  to  be  founded  in  connection  with  the  University  of  Chicago. 
I  must,  however,  call  attention  to  some  developments  of  the  general 
subject  and  to  some  features  of  the  development  of  engineering  itself 
as  a  learned  and  important  profession. 

Referring  first  to  Great  Britain,  the  birthplace,  almost,  of  modern 
engineering,  it  may  well  be  said  that  the  subject  of  engineering  educa- 
tion has  there  received  great  attention  in  the  way  of  investigation,  at 
least,  by  the  Institute  of  Civil  Engineers,  in  London,  the  largest  and 
confessedly  the  most  important  and  highest  institution  of  the  kind  in 
the  world. 

As  long  ago  as  1870  the  subject  was  fully  inquired  into  by  the 
council,  again  in  1891,  and  successive  presidents  of  the  institution  have 
considered  the  subject  important  enough  to  give  much  space  to  it  in 
their  inaugural  and  other  addresses.  More  important  still  are  the 
recent  orders  of  the  council  to  require  a  scientific  and  practical  train- 
ing and  knowledge  on  the  part  of  student  and  associate  members,  to 
be  attested  by  examinations  conducted  by  the  council,  or  by  diplomas 
and  degrees  from  specially  designated  schools  and  universities. 

We  may,  therefore,  at  the  outset  conclude  that  the  "rule  of  thumb'' 
engineer  will  have  no  opportunity  to  show  his  ignorance  in  the  future. 
In  fact,  it  may  be  stated  broadly  that  the  civil  engineer  of  the  twentieth 
century  must  be  an  educated  man,  and  specially  prepared  for  his  life 
work  by  the  highest  order  of  educational  instruction  and  training. 

But  it  has  not  always  been  so ;  steam  and  electricity,  the  potent 
forces  of  the  present  time,  have  been  developed  in  little  more  than 
half  a  century.  They,  more  than  any  other  causes,  have  produced 
the  civil  engineer  and  raised  him  to  rank  with  the  older  "  learned " 
professions.  He  starts  with  the  twentieth  century  on  the  same  high 
level  with  them,  and  it  is  the  circumstance  of  this  situation  that  calls 
for  that  sort  of  education  that  will  best  meet  this  condition  of  affairs. 
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It  is  instructive  and  interesting  to  read  the  literature  of  the  last 
thirty  years  as  it  appears  in  the  proceedings  of  the  Institute  of  Civil 
Engineers,  and  it  is  amusing,  almost  astonishing,  to  read  in  extracts 
from  a  lecture  on  "  The  Education  of  Civil  and  Mechanical  Engineers  *' 
in  1868,  by  Professor  Fleeming  Jenkin,  delivered  in  the  University  of 
Edinburgh,  the  description  of  the  attainments  of  young  engineering 
^'apprentices"  and  "pupils"  in  workshops  and  engineers*  offices: 

Young  men,  at  the  age  of  about  eighteen,  enter  the  office  of  a  civil  engineer. 
Usually  few  questions  are  asked  as  to  previous  training^.  Etiquette  requires  the 
engineer  to  show  a  certain  reluctance  to  receive  the  pupil,  and,  in  fact,  the  ordinary 
pupil  is  a  sort  of  nuisance  in  an  office,  only  tolerated  in  consideration  of  the  fee 
which  accompanies  him.  From  personal  experience  I  can  declare  that  most  pupils 
are  so  ignorant  of  algebra  that  they  are  not  only  incapable  of  working  out  a  result 
for  themselves,  but  actually  cannot  apply  the  simple  formulae  which  are  given  in 
engineers*  pocket  books.  The  calculation  of  the  solid  contents  of  a  wall  is  often 
beyond  their  powers.  Their  arithmetic  is  very  shaky,  and  a  knowledge  of  physics, 
chemistry,  geology,  or  the  higher  mathematics  is  wonderfully  rare. 

Speaking  generally  of  the  British  system  of  engineering  education 
of  that  time,  he  said,  "Our  defect  is  the  want  of  a  good  knowledge 
of  the  theories  affecting  our  practice." 

The  well-known  and  distinguished  scientific  engineer,  the  late 
John  Scott  Russell,  F.R.S.,  in  1869  expressed  forcibly  and  clearly  the 
defects  at  that  time  existing,  in  a  lengthy  brochure  on  the  subject  of 
**  Systematic  Technical  Education  for  the  English  People."  Comparing 
English  and  continental  methods  of  actual  works,  he  says : 

I  will  now  come  to  the  practical  matters  which  show  directly  the  results  of 
a  technical  education  in  the  production  of  one  of  its  chief  objects  —  the  creation 
of  wealth.  It  is  notorious  that  most  foreign  railways,  which  have  been  made  by 
themselves  in  the  educated  countries  of  Germany  and  Switzerland,  have  been  made 
far  cheaper  than  those  constructed  by  us  in  England ;  it  is  known  that  they  have 
been  made  by  pupils  of  the  industrial  schools  and  technical  colleges  of  these  coun- 
tries, and  I  know  many  of  their  distinguished  men  who  take  pride  in  saying  that 
they  owe  their  positions  entirely  to  their  technical  schools.  I  find  everywhere 
throughout  their  work  marks  of  that  method,  order,  symmetry,  and  absence  of  waste 
which  arise  from  plans  well  thought  out,  the  judicious  application  of  principles, 
conscientious  parsimony,  and  a  high  feeling  of  professional  responsibility.  In  the 
accurate  cutting  of  their  slopes  and  embankments,  in  the  careful  design  and  thought- 
ful execution  of  their  beautiful  but  economical  stone  masonry,  in  the  self-denying 
economy  of  their  large  span  bridges,  the  experienced  traveller  can  read  as  he 
travels  the  work  of  a  superiorly  educated  class  of  men ;  and  when  we  come  down 
to  details,  to  the  construction  of  permanent  way,  arrangement  of  signals,  points  and 
sidings,  and  the  endless  details  of  stations,  we  everywhere  feel  that  we  are  in  the 
hands  of  men  who  have  spared  no  pains,  and  who  have  applied  high  professional 
skill  to  minute  details. 
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Introducing  the  subject  of  "  What  Technical  Education  Should  Be 
Given  the  Civil  Engineer/'  he  again  alludes  to  continental  methods, 
and  pays  a  deserved  tribute  to  the  thorough,  education  in  France, 
which  I  have  described  above : 

The  great  public  works  of  a  civilized  country  have  always  demanded  and 
generally  received  from  its  government  earnest  solicitude  and  forethought.  In 
France,  the  civil  engineers  are  the  HiU  of  the  nation ;  the  most  distinguished  pupils 
throughout  the  country  are  promoted  into  the  central  technical  institution  of  France 
in  Paris;  and  out  of  this  again  a  selection  is  made  of  the  most  talented  for  the 
corps  de  ginie  maritime ;  for  the  corps  etc  ginie  militaire  ;  and  for  the  corps  de  ghtie 
civily  or  ponts  et  chaussies. 

By  the  great  public  works  of  a  country  so  much  is  gained  or  lost  to  the  public 
well-being,  that  the  most  liberal  measures  are  justified  if  they  succeed  in  providing 
for  its  service  the  profoundest  knowledge,  the  most  brilliant  talent,  and  the  highest 
skill. 

Nine  years  Jater,  1878,  speaking  in  his  presidential  address  upon 
what  great  things  have  been  accomplished  in  the  world  by  the  civil 
engineer,  Mr.  J.  F.  Bateman  said : 

Still,  there  can  be  little  doubt,  on  a  review  of  the  whole  question,  that  our 
young  engineers  are  not  always  prepared  by  preliminary  education  as  well  as  they 
might  be  for  their  subsequent  acquisition  of  practical  knowledge.  It  is  not  because 
there  are  not  institutions  in  this  country  where  this  knowledge  can  be  obtained,  but 
rather  from  a  general  laxity  in  the  views  of  parents  and  guardians  upon  technical 
education.  Special  qualifications,  and  some  of  a  very  high  order,  are  required  to 
insure  success  in  our  profession,  and  many  young  men  enter  it  as  pupils  without 
these  qualifications. 

Coming  now  to  the  present  time,  I  cannot  forbear  the  quotation 
here  of  a  few  brief  extracts  from  the  inaugural  address,  on  November  3, 
1898,  of  Sir  John  Wolfe  Barry,  president  of  the  Institution  of  Civil 
Engineers.  The  whole  address  is  worthy  of  the  most  careful  reading, 
because,  being  a  "  jubilee  "  year,  the  president  felt  called  upon  to  show 
what  the  engineering  profession  had  accomplished  in  the  sixty  years 
of  Queen  Victoria's  reign.  The  reading  of  that  address  would  set  at 
rest  all  doubts,  should  there  be  any,  as  to  the  necessity  of  giving  civil 
engineers  the  highest  and  widest  education  possible. 

I  can  only  give  here  a  few  extracts  from  this  admirable  address, 
those  which  relate  to  the  special  subject  in  hand.  He  had  just  been 
exploding  the  idea  that  ours  is  the  culminating  epoch  of  the  world's 
history  by  giving  the  increase  of  the  world's  population  and  the  room 
yet  for  it,  and  remarked  that  we  might  realize  the  absurdity  of  calling 
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ours  the  culmination  when  we  reflect   that  the  present  population  of 
the  world  could  stand  upon  the  Isle  of  Wight : 

All  these  matters  are  of  supreme  interest  to  engineers,  and  reflect  a  strong 
light  upon  the  present  and  future  importance  of  our  profession,  which  has,  as  I 
have  said,  advanced  in  so  marked  a  manner  in  members,  consideration,  and  position 
in  the  last  sixty  years.  Without  for  one  moment  decrying  the  status  of  the  able 
engineers  who  exercised  their  craft  prior  to  1837,  I  think  it  may  be  said  that  the 
queen's  reign  has,  practically  speaking,  witnessed  the  birth  of  engineering  as  a  pro- 
fession of  a  most  important  character,  and  bearing,  perhaps,  more  responsibility  in 
respect  of  life  and  expenditure  than  is  supported  by  any  other  calling. 

I  have  enlarged  upon  the  subject  of  the  exploits  and  triumph  of  the  engi. 
neering  profession,  not  in  a  spirit  of  boasting,  as  the  representative,  for  the  time 
being,  of  a  profession  to  which  I  am  proud  to  belong,  but  with  a  view  of  pointing 
out  the  dignity  of  our  calling,  and  the  burden  laid  upon  us  thereby,  as  members  of 
this  great  institution,  of  not  letting  that  dignity  suffer  any  loss  or  disparagement  in 
years  to  come. 

No  profession  requires  more  education,  theoretical  and  practical,  and  more 
training  of  the  mind  than  the  profession  of  a  civil  engineer. 

I  must  content  myself  by  saying  that  in  France,  Germany,  Austria,  Russia, 
Belgium,  and  Holland,  the  greatest  attention  is  paid  by  the  State  to  a  strict  scientific 
training,  and  that  the  utmost  care  is  taken  to  see  that  all  candidates  for  employment 
as  civil  engineers  are,  so  far  as  technical  education  is  concerned,  thoroughly  equipped 
for  the  work  which  may  lie  before  them. 

With  the  following  opinions  I  am  in  full  accord,  and  I  give  the 
remarks  upon  the  subject  in  full,  as  they  might  well  introduce  my 
own  recommendations  to  follow  at  the  close  of  this  report.  Sir  John 
had  been  speaking  of  the  requirements  and  examinations  for  admission 
to  membership  in  the  Institution  of  Civil  Engineers: 

Again,  as  for  students  so  for  associate  members,  I  myself  am  of  opinion  that 
we  ought  not  to  be  content,  in  the  case  of  the  more  advanced  grade,  w4th  any  low 
standard  of  general  education.  Of  late  years  I  rejoice  that  we  have  required  ex- 
amination in  general  education,  as  distinguished,  from  scientific  attainments,  from 
intending  students  of  the  institution,  and  I  think  we  may  now  all  congratulate  our- 
selves that  this  step,  as  to  which  there  was  some  doubt,  was  taken.  It  tends  dis- 
tinctly to  place  our  calling  in  its  proper  position  among  professions,  and  I  hope 
some  day  to  see  that  any  intending  associate  member  who  has  not  entered  as  a 
student  should  be  proved  to  possess  at  least  those  elements  of  a  liberal  education 
which  we  require  from  students,  as  well  as  technical  and  practical  knowledge  of  his 
business.  For  I  hold  that  education  and  instruction  are  not  convertible  terms,  and 
that  education  implies  that  general  exercise  of  the  mind  which  brings  out  the  best 
qualities  of  the  human  understanding  and  enables  it  to  acquire  and  assimilate  special 
instruction.     It  is  somewhat  like  that  training  of  the  bodily  powers  which  we  call 
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athletics  and  gymnastics,  fitting  a  man  for  the  particular  physical  requirements 
which  may  in  the  future  be  laid  upon  him. 

The  education  preliminary  to  the  purely  technical,  which  in  my 
opinion,  and  I  may  add  in  the  opinion  of  many  of  our  best  engineer- 
ing educators  and  engineers,  is  necessary  in  these  days,  and  which  is 
at  least  suggested  in  the  opinion  of  Sir  John  Wolfe  Barry,  above  ex- 
pressed, is  more  fully  outlined  by  one  of  the  most  accomplished  engi- 
neers and  educators  in  the  United  States,  Professor  William  H.  Burr^ 
professor  of  civil  engineering  in  the  Columbia  School  of  Mines^ 
New  York  City,  who  is  not  only  experienced  as  an  educator,  but  as 
a  practical  engineer. 

I  quote  the  following  extracts  from  a  paper  on  "The  Ideal  Engi- 
neering Education,"  read  before  Division  E  of  the  International 
Engineering  Congress,  held  at  Chicago,   1893: 

In  the  older  learned  professions  this  sequence  of  broad  and  general  cultivation 
prior  to,  and  forming  the  foundation  of,  the  subsequent  professional  training  is  well 
defined,  and  the  ultimate  nature  of  the  case  in  engineering  is  precisely  the  same  a& 
that  in  law  or  medicine.  By  means  of  a  liberal  training  the  requisite  powers  of 
observation  and  a  sound  judgment  are  more  symmetrically  developed  and  far  more 
accurately  applied  in  consequence  of  truer  conceptions  of  the  object  on  which  they 
are  brought  to  bear,  and  a  correspondingly  enhanced  power  of  healthy  mental  assim- 
ilation is  acquired.  The  broad  cultivation,  it  matters  little  when  or  where  it  is 
obtained,  is  the  only  effectual  corrective  for  that  narrow  and  malformed  excellence 
in  some  special  direction,  which,  while  it  is  certainly  better  than  no  excellence  at  all, 
falls  lamentably  short  of  the  vigorous  and  well-rounded  product  of  the  ideal  edu- 
cation in  engineering.  The  writer  unhesitatingly  places,  therefore,  as  the  first  and 
fundamental  requisite  in  the  ideal  education  of  young  engineers,  a  broad,  liberal 
education  in  philosophy  and  arts,  precedent  to  the  purely  professional  training. 


The  complete  and  satisfactory  discharge  of  such  functions  cannot,  from  their 
very  nature,  be  accomplished  on  a  bare  possession  of  technical  knowledge.  This 
is  indeed  essential,  but  it  is  just  as  essential,  and  perhaps  more  so,  to  know  how  to 
use  it. 

There  are,  then,  few  professional  men  to  whom  the  broadly  cultivating  influ- 
ences of  a  liberal  education  are  more  needful  than  to  the  engineer.  His  early  pro- 
fessional practice  does  not  induce  any  development  which  can  fill  the  voids  of  a 
faulty  general  education,  while  his  latter  practice  demands  what  only  liberal  training 
can  supply. 

These  views  were  advanced  in  1893.  I  was  desirous,  for  the  pur- 
poses of  this  report,  to  know  if  the  experience  of  the  last  four  years 
had  confirmed  or  changed  these  broad  views  of  engineering  education. 
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and  I  wrote  to  Professor  Burr  accordingly.  While  the  reply  is  in  a 
personal  letter,  I  hope  he  will  not  object  to  my  quoting  directly  from 
it,  and  I  do  so  mainly  for  the  purpose  of  expressing  through  him  my 
own  views  from  long  study,  experience,  and  close  observation.  His 
letter  is  dated  February  ii,  1898: 

My  ideas  as  to  engineering  education  have  been  nurtured  more  in  active  prac- 
tice than  in  the  class  room.  The  cumulative  results  of  observation  seem  to  me  to 
show  with  demonstrative  force  that  the  broadly  educated  engineer  is  in  general  the 
engineer  who  reaches  the  highest  degree  of  success  in  the  profession.  He  certainly 
has  the  best  balanced  and  the  most  comprehensive  view  of  large  engineering  prob- 
lems, enabling  htm  to  reach  the  best  results  in  the  best  way.  It  goes  without  saying 
that  most  of  the  successful  engineers  of  the  present  day  have  not  had  a  liberal 
education,  although  I  believe  they  would  have  succeeded  to  a  greater  degree  had 
they  enjoyed  that  kind  of  a  training.  The  real  question  now,  however,  is,  what  wiU 
the  present  engineer  need  ?  I  believe  that  he,  like  the  lawyer  and  the  physician, 
already  needs  the  broad,  liberal  education  on  which  to  base  the  technical  training. 
His  liberal  education  may  well  be  trended  toward  that  which  is  to  follow,  but  it 
must  be  broad  and  liberal. 

Chiefly  through  my  efforts,  I  am  glad  to  say,  Columbia  has  provided  for  the 
main  features  outlined  in  my  paper.  In  the  college  course  (four  years)  a  student 
may  now  take  civil  engineering  options,  which  shall  be  counted  for  the  B.A.  degree, 
so  that  at  the  end  of  his  four-year  college  course  (having  taken  B.A.)  he  can  enter 
at  the  beginning  of  the  third  year  in  the  regular  civil  engineering  course,  and  two 
years  later  take  the  degree  of  C.E.  This  makes  a  six  years*  course  in  civil  engi- 
neering now  established,  and  a  number  of  students  are  taking  it.  I  am  confident 
that  we  shall  get  excellent  results  from  it.  In  our  regular  fourth  year  class  of  civil 
engineering,  eighteen  in  number,  we  have  three  college  graduates,  one  being  from 
Harvard.  These  facts,  in  our  own  experience,  seem  to  me  to  indicate  -  clearly  the 
kind  of  department  now  needed  in  engineering  education.  Details  may,  and  prob- 
ably will,  need  amplification,  but  the  ground  principles  are  right. 

My  own  views  on  this  feature  of  the  subject  I  presented  to  the 
annual  meeting  of  the  Society  for  the  Promotion  of  Engineering  Edu- 
cation at  Springfield,  Massachusetts,  in  1895,  in  a  paper  entitled,  "The 
Civil  Engineer  of  the  Twentieth  Century."  In  it  were  corroborating 
views  of  not  only  Professor  Burr's  opinions,  as  above  quoted,  but  those 
of  other  men  of  prominence,  not  only  engineers  but  of  other  profes- 
sions. These  views  all  accorded  with  those  of  Professor  Burr  as 
expressed  above. 

I  may  add  that  the  observation,  examination,  conferences,  and  corre- 
spondence during  the  last  two  years,  and  especially  during  the  last  ten 
months,  while  engaged  upon  investigations  fti  Europe,  have  strengthened 
me  in  my  views  then  pronounced,  and  I  lay  it  down  here  as  a  "  sine  qua 
non''  that  the  engineer  should  be  liberally  and  broadly  educated,  not 
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only  in  the  technique  of  his  work,  but  in  the  arts,  the  "humanities"; 
not  necessarily  in  an  extended  linguistic  course,  though  I  believe  that 
a  fundamental  knowledge  of  Latin  and  Greek  and  the  literary  disci- 
pline that  the  training  in  those  languages  gives  are  of  inestimable  value. 
Certainly  a  thorough  knowledge  of  French  and  German  and  English  is 
absolutely   necessary. 

You  have  followed  my  description  of  European  education  and  the 
concurrent  views  of  some  of  the  engineers ;  you  must  hold  with  me 
that  the  thorough,  liberal  education  of  the  Continent  is  the  best  to* 
produce  the  highest  order  of  professional  men.  I  am  satisfied  that,  if 
any  one  will  examine  the  methods  of  work  in  all  branches  of  engineer- 
ing on  the  Continent,  the  enconiums  bestowed  upon  them  by  Mr.  John 
Scott  Russell  three  decades  ago,  quoted  above,  remain  true  today.  My 
observations,  and  they  have  been  in  the  shape  of  investigations  of  Euro- 
pean harbor  constructions,  terminal  facilities,  dredging  appliances  and 
methods,  river  rectifications,  railway  constructions,  and  canals,  all  show^ 
the  effects  of  thorough  education  and  an  intelligent  application  of  scien- 
tific principles. 

I  am  glad  to  state  that  the  tendency  in  the  United  States  is  con- 
stantly now  towards  a  higher  and  broader  education  for  professional 
engineers ;  mind,  I  am  not  anywhere  discussing  the  education  of  me- 
chanics or  foremen,  or  of  the  ordinary  helper  on  engineering  work, 
but  that  required  by  professional  men. 

I  have  before  me  an  address  delivered  in  1896  by  Professor  Mans- 
field Merriman,  of  Lehigh  University,  as  president  of  the  Society  for 
the  Promotion  of  Engineering  Education. 

He  speaks  always  along  those  lines  that  tend  upward,  and  few  men 
have  had  more  experience,  or  are  more  observing  and  studious,  or  have 
higher  ideals. 

It  is  a  satisfaction  to  know  from  him  that  "  in  every  university  it 
is  found  that  the  activity  and  earnestness  of  the  engineering  students  is 
a  source  of  constant  stimulus  to  those  of  other  departments.  Thus 
scientific  and  engineering  education  has  tended  to  elevate  the  standard 
and  improve  the  methods  of  all  educational  work." 

The  following,  referring  to  a  forthcoming  report  at  the  meeting: 
where  he  delivered  his  address,  will  confirm  the  decided  views  of  the 
Zurich  faculty  in  regard  to  age  of  admission  and  a  stringent  demand 
for  thorough  and  broad  preliminary  training : 
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The  report  of  the  committee  on  requirements  for  admission,  which  will  be 
presented  later  in  the  session,  sets  forth  many  facts  which  show  the  tendencies  now 
•existing.  Almost  without  exception  a  higher  standard  is  demanded,  both  that  stu- 
dents may  enter  with  better  mental  training,  and  that  more  time  may  be  available 
in  the  course  for  technical  subjects.  While  the  general  line  of  advance  is  towards 
an  increase  in  mathematics  and  in  modem  languages,  there  is  also  found,  particularly 
in  the  central  States,  a  demand  for  broader  training  in  science. 


The  general  increase'  in  requirements  for  admission  tends  to  raise  the  average 
age  of  the  student.  It  is  now  usually  the  case,  owing  to  the  greater  length  of  time 
needed  in  preparatory  work,  that  the  average  age  of  the  classical  student  is  one  year 
higher  than  that  of  the  engineering  student,  or  the  former  has  had  one  more  year 
of  training  than  the  latter.  One  more  year  of  training  means  much  as  an  element 
for  success;  one  more  year  in  age  means  an  increase  in  judgment  which  is  of  the 
highest  importance  for  a  proper  appreciation  of  the  work  of  the  course.  The  older 
men  in  the  class  usually  do  the  best,  if  not  the  most  brilliant,  work,  and  after 
graduation  their  progress  is  the  most  satisfactory.  It  thus  appears  that  all  tend. 
«ncies  that  raise  the  age  of  entrance  are  most  important  ones  and  deserve  hearty 
encouragement. 

My  own  views  stated  above  could  not  be  more  clearly  or  more 
forcibly  expressed  than  by  President  Merriman  in  his  concluding  para- 
jgraph,  which  is  so  important  that  I  quote  it  entire : 

Looking  now  forward  into  the  future,  it  is  seen  that  in  our  efforts  for  the 
promotion  of  engineering  education  a  wide  field  for  work  still  lies  open.  The  stu- 
dent should  enter  the  engineering  college  with  a  broader  training  and  a  more  mature 
judgment.  The  present  methods  of  instruction  are  to  be  rendered  more  thorough 
and  more  scientific.  In  particular,  the  fundamental  subjects  of  mathematics,  physics, 
and  mechanics  are  to  be  given  a  wider  scope,  while  the  languages  and  humanities 
are  to  be  so  taught  as  to  furnish  that  broad,  general  culture  needed  by  ever}'  edu- 
cated man.  In  general,  let  it  be  kept  in  mind  that  education  is  more  important 
than  engineering ;  for  the  number  of  men  who  can  follow  the  active  practice  of  the 
profession  will  always  be  limited.  Hence  let  it  be  the  object  of  engineering  edu- 
•cation  to  influence  the  world  in  those  elements  of  character  that  the  true  engineer 
possesses,  so  that  every  graduate  may  enter  upon  the  duties  of  life  with  a  spirit  of 
.zeal  and  integrity,  with  a  firm  reliance  upon  scientific  laws  and  methods,  and  with 
-a  courage  to  do  his  work  so  as  best  to  conduce  to  the  highest  welfare  of  his  country 
and  of  mankind. 

I  do  not  wish  to  trench  upon  the  general  subject  of  education, 
but  it  is  difficult  to  separate  engineering  education  from  education  in 
general,  for  the  former  will  in  no  country  ever  attain  its  perfection 
until  national  and  general  methods  are  in  full  accord. 

It  may  be  the  opinion  in  the  United  States  and  Great  Britain  that 
continental  methods  remain  as  they  were  many  years  ago ;  that  "  dead 
languages"  and  "pure  theory"  and  ** abstract  science"  have  not  per- 
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mitted  the  inroads  of  modern  thought  and  discovery.  Nothing  could 
be  further  from  the  truth. 

It  is  scarcely  more  than  a  year  since  the  University  of  Paris  was 
reestablished  in  a  city  where  subversion  by  modern  ideas  would  not  be 
thought  practicable,  especially  as  this  university  was  simply  securing 
a  restoration  to  its  honored  place,  held  long  before  Oxford  and  Cam- 
bridge came  into  being.  It  was  the  "Mother  of  Universities,"  but 
was  wiped  out  of  existence  in  1808  by  Napoleon  I.  What  is  it  to 
be  now,  this  most  ancient  seat  of  learning,  inaugurated  by  the  most 
enlightened  men  of  the  most  enlightened  city?  The  president  of  the 
council  pronounced  it  a  practical  university ;  no  chair  is  to  be  without 
its  laboratories ;  the  entire  establishment  is  to  be  one  immense  factory, 
adapting  all  branches  of  learning  to  the  present  great  diversity  of  scien- 
tific truth  and  work. 

The  ideas  advanced  on  that  memorable  occasion  all  tended  distinctly, 
not  only  to  specialization,  but  first  to  a  thorough  preparation  for  it  by 
a  university  education. 

President  Oilman,  of  Johns  Hopkins  University,  in  a  review  of  this 
inauguration,  stated  that,  while  American  education  is  still  far  behind- 
hand, there  are  distinct  evidences  "that  during  the  next  half  century 
changes  just  as  remarkable  and  just  as  beneficial  will  occur  in  the 
organization  and  administration  of  schools  of  every  grade  as  those 
which  have  occurred  in  the  last  forty  years,  in  which  schools  of  inves- 
tigation have  been  created  with  universities,  colleges  have  introduced 
laboratory  methods,  technological  institutes  have  been  established  in 
large  cities,  but  all  brought  about  without  diminishing  the  respect  that 
is  paid  to  literature  and  history." 

As  to  the  German  methods  of  general  and  special  education,  all 
will  acknowledge  that  they  are  active,  enthusiastic,  thorough  and  deep, 
instinct  with  life  and  originality.  It  is  these  characteristics  that  have 
sent  our  young  men  to  Germany  ever  since  the  close  of  our  civil  war. 
These  methods  have  largely  been  copied  —  at  least  the  inspiration  came 
from  Germany  largely  —  by  the  multitude  of  our  own  people  who  came 
back  enthused  with  the  German  way  of  teaching. 

It  was  a  revelation  to  those  pioneers  to  Berlin  and  Heidelberg  and 
Gottingen  to  find  there  such  entirely  different  methods  of  education 
than  existed  in  England  and  the  United  States,  where  instead  of  the 
dull  routine  of  musty  text-books,  with  the  recitations  from  them  pre- 
sided  over   by   the   dull   professor,  living   lectures,   original  research, 
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enthusiastic   teachers  with   high   ideals  and  souls  earnest  in   creative 
effort   and  scientific  discovery   led   the   student   on   in  earnest   work. 
Is  it  a  wonder  that  our  ideas  became  Germanized  ?     You  will  see  from 
my  brief  statement  of  the  present  methods  of   engineering  education 
in  Germany  that  there  has  been,  on  these  lines  at  least,  no  retrograde 
movement ;  they  still  lead,  and  the  whole  world  knows  it. 

This  earnestness  and  progressiveness  pervades  all  branches  of  edu- 
cation, not  only  among  the  higher,  but  the  middle  and  lower  classes. 
As  I  have  already  shown,  it  has  made  its  effect  felt  in  the  entire  in- 
dustrial world:  first,  of  Germany,  and  second,  wherever  Germans  go, 
and  that  is  everywhere  in  the  world. 

We  have  not,  unfortunately  —  perhaps  some  will  say  fortui:iately  — 
state  supervision  of  our  education,  either  liberal  or  scientific ;  we  have 
consequently  wasted  effort,  and  have  come  towards  correct  met:  hods  of 
education  slowly,  haltingly,  and  in  a  desultory  and  spasmodic  manner. 
There  has  been  di\dsion  of  forces  and  differences  of  opinion,  sind  not 
concentrated,  persistent,  logical,  and  consistent  educational  methods  like 
those  of  continental  countries  which,  so  far  as  engineering  education 
is  concerned,  I  have  described.  The  following  important  truth  wa.s  not 
patent  to  us  for  a  long  time,  as  expressed  by  a  prominent  educator*,  ^^^ 
said  that  the  faults  of  education  existing  with  us  "might  have  t>een 
avoided  had  the  people  sooner  realized  that  the  quality  of  education  in 
the  whole  state  is  determined  by  the  quality  of  that  at  the  top^  ^^^ 
that  the  State  is  responsible  for  its  excellence'' 


Recommendations. 

Though  handicapped  by  our  democratic  conditions,  which  leavers  the 
State  out  of  the  question  and  compels  us  by  individual  effort  ar^^    ^^ 
the  munificence  of  individuals  to  accomplish  what  great  nations    vJ.n*^^ 
take  to  do  on  this  (European)  side  of  the  water,  we  ought  witH     ^^^ 
an  institution  as  the  University  of  Chicago,  founded,  as  it  is,  on  oo^^ 
principles  and  endowed  with   means  (limited  somewhat,  it  is  tfliC)  /^ 
carry  them  out  in  practice,  we  ought,  I  say,  to  make  no  mistake  - 
we  should  learn  from  what  is  done  best  in  the  world  and  from  ^  ^u 
is  done  to  establish  that  kind  of  engineering  school  that  will  meet  J^ 
wants  of  the  higher  educational  aspirations  of  those  young  men  ii)  ^,  ^ 
United   States  who  demand  the  best   there  is  of  educational  me 
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and  facilities,  and  who  will  certainly  go  to  Switzerland  or  Germany  or 
France  to  find  them  if  we  do  not  ourselves  furnish  them. 

The  proper  name  of  the  school  which  ought  to  be  established  with 
the  University  of  Chicago  is  the  '*  University  College  of  Engineering 
and  Architecture."  The  fact  that  it  is  to  be  an  integral  part  of  the 
university  is  an  immense  advantage  at  the  outset,  for  I  think  it  is 
generally  conceded  that  wherever  such  schools  are  connected  with 
universities  there  is,  other  things  being  equal,  an  economy  in  teaching 
power  and  a  tendency  towards  greater  breadth  of  culture  by  the  stu- 
dent mingling  with  those  whose  work  lies  in  other  fields  of  knowledge 
than  his  own.  Another  important  advantage  is  the  fact  that  there  are 
already  established  such  excellent  laboratories  of  physics  and  chemistry. 
It  should  not  be  a  part  of  the  scheme  to  train  foremen  and  mechanics ; 
these  can  obtain  their  education  and  training  in  the  manual  training 
schools  and  the  polytechnics,  like  that  recently  established  at  Peoria. 

The  college  should  be  equipped,  however,  with  practically  the  same 
laboratory  facilities  as  those  at  Boston,  Worcester,  Sibley  College  at 
Ithaca,  Zurich,  and  the  new  establishments  in  the  German  Royal  Tech- 
nical Colleges,  or  like  that  of  the  Central  Technical  College,  London ; 
that  is,  all  that  is  necessary  to  teach  professional  engineers  in  civil, 
mechanical,  electrical  and  mining  engineering,  and  architecture. 

I  cannot  go  into  the  details  of  this  plant,  but  will  refer  you  to  a 
paper  entitled,  "The  Equipment  of  Engineering  Schools,'*  read  before 
Division  E  of  the  International  Engineering  Congress  in  Chicago,  1893, 
by  Professor  R.  E.  Thurston,  director  of  Sibley  College,  Cornell  Uni- 
versity. This  paper  gives  in'  a  few  pages,  in  the  clearest  possible 
manner,  the  general  requirements,  particularly  in  respect  to  mechanical 
engineering. 

I  am  in  full  accord  with  the  entire  paper ;  it  is  by  an  expert,  so 
acknowledged  all  over  the  world,  and  his  judgment  cannot  be  for  a 
moment  questioned.  He  starts  out  with  the  statement  that  the  pro- 
fession of  modern  engineering  exacts  from  its  members  "a  more  ex- 
tended preparation,  a  more  arduous  professional  course,  than  are  com- 
manded today  by  the  schools  of  either  law  or  medicine,  and  this  fact, 
if  there  were  no  other  corroboration  of  the  conclusion,  has  fully  estab- 
lished the  engineer  in  his  position  as  a  member  of  a  profession  and 
of  a  learned  profession.'*  He  then  outlines  the  nature  of  the  equip- 
ment, its  exact  adaptation  for  the  purpose,  and  the  general  character 
of  that  required  for  experimental  engineering. 
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His  view  is  that  the  application  of  scientific  methods  to  the  solution 
of  engineering  problems  promises  to  do  more  for  the  world  than  has 
any  other  systematic  professional  work  ever  yet  undertaken. 

This  statement,  and  his  concluding  remark,  I  heartily  endorse : 
**  Upon  the  thorough  education  of  our  engineers  depends  very  largely 
the  future  progress  of  the  nation.** 

The  admission  requirements  should  be  of  the  most  advanced  kind, 
with  the  intention  of  limiting  the  college  to  graduates  of  the  academic 
colleges,  or  to  students  with  equivalent  training,  as  .understood  in  the 
calendar  of  the  university.  In  other  words,  it  should  be  an  advanced 
course  of  education,  the  students  coming  to  it  with  such  a  preparation 
in  arts  and  science  as  a  degree  from  any  good  college  of  high  standing 
would  presuppose. 

I  am  not  expected,  and  do  not  intend,  in  this  general  report  to  go 
into  details ;  my  purpose  has  been  mainly  to  exhibit,  as  fully  as  possi- 
ble, the  methods  actually  employed  in  various  countries,  from  which 
to  form  an  opinion  as  to  the  necessity  of  an  engineering  college  and 
its  general  aims  and  features,  its  scope  and  methods. 

You  will  naturally  ask,  after  surveying  the  situation,  as  to  what 
we  already  have  and  what  we  need  to  supply,  what  will  be  the  cost  of 
endowing  such  a  college }  I  have  had  before  me  for  study  some  in- 
formation as  to  costs  elsewhere,  but  not  enough  to  go  into  details  here  ; 
and  the  estimate  which  I  made  some  years  ago,  though  I  think  I  have 
never  stated  it  before,  is  not  less  than  $2,000,000  for  the  building,  or 
buildings,  the  equipment  of  the  laboratories,  the  general  teaching  facili- 
ties, a  good  technical  library,  and  to  supply  from  the  interest  on  the 
remainder  of  the  sum  the  deficiency  between  income  and  expenditures. 

The  man,  or  men,  who  would  undertake  to  thus  endow  such  a  col- 
lege would  be  benefactors  of  the  human  race,  and  their  influence  would 
extend  through  such  an  institution  to  the  remotest  bounds  of  civiliza- 
tion, and  to  the  United  States,  to  its  industry  and  commerce,  the  ben- 
efaction would  be  of  inestimable  value. 

Romcy  Italy y  March  j,  i8g8. 

Supplemental. 

Since  the  above  was  written,  five  years  have  elapsed  —  a  semi- 
decade  of  important  development,  educationally  and  otherwise,  in  this 
and  other  countries. 
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During  this  time  I  have  had  exceptional  opportunities  in  this  coun- 
try, in  Europe,  and  in  South  America,  to  observe  and  study,  and  my 
opinion  is  confirmed  by  this  experience  that  the  necessity  for  such  a 
college  of  engineering  as  I  have  recommended  is  greater  now  than 
five  years  ago,  and  that  it  is  the  duty  and  the  high  privilege  of  the 
University  of  Chicago  to  establish  this  school. 

In  only  one  particular  would  I  modify  my  views.  I  would  double 
my  estimate  in  order  that  the  school  may  have  all  the  facilities  re- 
quired and  be  unhampered  in  its  development  and  usefulness;  and 
while  I  would  provide  for  the  admission  of  students  who  cannot  obtain 
a  liberal  education  in  the  humanities,  I  would  never  lose  sight  of  the 
main  purpose  of  the  college,  which  is  to  give  a  university,  or  profes- 
sional, education. 

I  Nassau  Street^  New  York^  June  j,  iqoj. 
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Contribution  from  the  Department  of  Food  and  Drug  Inspec- 
tion OF  THE  Massachusetts  State  Board  of  Health. 

READINGS   ON   THE  ZEISS   BUTYRO-^REFRACTOMETER 
OF  EDIBLE   OILS  AND  FATS, 

By   HERMANN   C.  LYTHGOE. 

The  Zeiss  Butyro-Refractometer  has  been  in  use  for  a  number  of 
years  for  the  purpose  of  determining  the  purity  of  butter,  and  it  is 
gradually  being  used  for  other  oils  and  fats.  As  the  refractions  of 
oils  and  fats  vary  with  the  temperature,  a  table  giving  the  readings 
for  different  temperatures  greatly  enhances  the  value  of  the  instru- 
ment. 

Four  such  tables  have  been  prepared  and  published,  namely,  one  on 
butter,  published  by  Zeiss  to  accompany  the  instrument,  and  one  on  lard- 
by  Hefelmann  ^  and  two  by  A.  E.  Leach,^  on  olive  and  cottonseed  oils^ 
respectively. 

The  writer  has  calculated  tables  for  several  other  oils  and  fats  and 
has  incorporated  them  with  the  above  mentioned  tables  into  one  table, 
arranging  the  oils  and  fats  in  the  order  of  their  refraction. 

The  oils  of  known  purity  used  in  the  work  were  obtained  from  the 
following  sources : 

Expressed  in  the  laboratory :  peanut,  sunflower,  and  lard  oils,  lard 
stearine,  and  mutton  tallow. 

Larned  and  Bird  Oil  Works,  Brighton,  Mass. :  beef  tallow,  beef  oleo, 
and  beef  stearine. 

United  States  Department  of  Agriculture :  peanut,  poppyseed,  rape- 
seed,  mustard,  and  corn  oils. 

A.  Colburn  &  Co.,  Philadelphia,  Pa. :  mustard  oils. 

Dr.  Gill,  Mass.  Institute  of  Technology :  corn  oil. 

Winthrop  Chocolate  Co. :  cacao  butter. 

The  other  oils  were  commercial  oils  of  undoubted  purity. 


^Pharm.  Centralhalle,  1S94,  p.  497. 

*Thirty-first  annual  report  of  the  Mass.  State  Board  of  Health,  1899,  p.  647. 
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The  following  table  gives  the  actual  readings  obtained  by  the  writer, 
together  with  the  difference  in  reading  for  a  variation  of  i°C.  in  tem- 
perature, and  the  calculated  reading  at  35°  C. 


TABLE  I.  — Original  Data. 


^ 

c 

X  BS 

' 

c 

d 

« 

K 

5  0 

'A 

X 

z 

S 

u 

I 

< 

^. 

Ss  . 

p< 

u 

X 

u 

Q^ 

h'i 

bI 

3 

ol 

S 

i  * 

3 

r 

^«°. 

3« 

5 

I 

J 

< 

I 

^^ 

■Cocoanut  Oil, 

37.0 

0.51 

19.0 

45.1 

39.0 

40.0 

45.5 

81.4 

Beef  Stearine, 

47.0 

0.525 

.    . 

44.0 

42.4 

56.0 

36.1 

Beef  Stearine, 

47.4 

0.525 

.    . 

•    • 

44.0 

42.8 

56.0 

36.5 

Cacao  Butter, 

49.1 

0.541 

35.0 

49.1 

43.5 

44.5 

54.5  ' 

38.9 

Beef  Tallow, 

49.1 

0.50 

35.0 

49.1 

43.8 

44.8 

.   • 

.   . 

Mutton  Tallow, 

49.1 

0.50 

40.5 

46.3 

47.5 

42.3 

67.0 

32.6 

Lard  Stearine, 

50.2 

0.526 

35.0 

50.2 

62.0 

36.0 

.    . 

.    . 

Beef  Oleo, 

50.6 

0.588 

25.0 

55.9 

35.0 

50.6 

•   • 

•   • 

Beef  Oleo, 

60.7 

0.588 

25.0 

55.9 

85.0 

50.7 

.    . 

.   . 

Tard  Oil, 

54.2 

0.526 

16.0 

64.2 

28.0 

58.1 

35.0 

54.2 

Peanut  Oil, 

59.5 

0.567 

25.0 

64.9 

31.0 

60.5 

49.0 

61.5 

Peanut  Oil, 

59.8 

0.547 

18.0 

69.1 

25.5 

64.6 

35.0 

59.8 

Rapeseed  Oil, 

62.1 

0.577 

18.0 

71.9 

25.5 

67.5 

35.0 

62.1 

Rapeseed  Oil, 

62.2 

.    . 

35.0 

62.2 

.    . 

.   . 

.    . 

.    . 

Yellow  Mustard, 

62.8 

0.58 

18.0 

72.1 

25.5 

67.8 

35.0 

62.3 

Yellow  Mustard, 

63.2 

0.555 

19.0 

72.1 

29.0 

66.5 

46.0 

57.1 

Black  Mustard, 

65.4 

0.57 

19.0 

73.8 

29.0 

68.8 

46.0 

67.9 

Black  Mustard, 

64.0 

.    . 

35.0 

64.0 

.    . 

.    . 

.   . 

Sunflower  Oil, 

64.6- 

0.59 

14.0 

76.8 

35.0 

64.5 

65.0 

47.8 

Com  Oil, 

65.0 

.    . 

35.0 

65.0 

.    . 

.    . 

.    . 

.   . 

Com  Oil, 

65.1 

0.58 

18.0 

75.0 

25.5 

70.6 

35.0 

66.1 

Com  Oil, 

65.2 

.    . 

35.0 

65.2 

.   . 

.    . 

.   . 

Poppyseed  Oil, 

65.5 

0.577 

18.0 

75.8 

25.5 

70.6 

35.0 

65.5 

224  Hermann  C,  Lythgoe, 

TABLE  II.  —  Calculated  Readings  on  Butyro-Refractometer. 


Tbmp. 
C. 

Cocoa- 
nut  Oil. 

BUTTKR.* 

Bee 
Steak 

P          Cac/ 
NB.    Butt 

LO         Beep 
BR.    Tallow. 

Lak 

Stbari 

D          Beef 
NE.      Oleo. 

Lard.»       \ 

ARD 
)IL. 

45.0 

31.6 

41.5 

41.1 

)           43.' 

r           44.1 

44.1 

)           45.0 

48.2" 

. 

44.5 

31.9 

41.8 

42.5 

I           44.( 

)           44.3 

45.1 

L          45.3 

48.^ 

. 

44.0 

32.2 

42.0 

42.' 

t          44.5 

I         44.6 

45.f 

)         45.6 

48.7 

. 

43.5 

32.4 

42.3 

42.< 

3          44.{ 

>         44.8 

45.' 

r         45.9 

49.0 

, 

43.0 

32.7 

42.6 

42.1 

)         44.^ 

}>         45.1 

46.( 

)         46.1 

49.3 

42.5 

32.9 

42.9 

43.! 

2         45.( 

)         45.4 

46.( 

\         46.4 

49.6 

,     , 

42.0 

33.2 

43.1 

43.{ 

>         45.: 

}         45.6 

46.1 

)         46.7 

49.9 

,     , 

41.5 

33.5 

43.4 

43.' 

7         45.( 

I         45.8 

46.^ 

i         ^7.0 

50.1 

,      . 

41.0 

33.7 

43.7 

44.( 

)         45.1 

J         46.1 

47.( 

)         47.3 

50.4 

,      , 

40.5 

84.0 

43.9 

44. 

2         46. 

L          46.3 

47.i 

J         47.6 

50.7 

.     , 

40.0 

34.3 

44.2 

44.. 

3         46.^ 

i         46.6 

47.< 

3         47.8 

51.0         I 

a.& 

39.5 

34.5 

44.5 

. 

46. 

S         46.8 

47.i 

I         48.1 

51.3         I 

a. 8 

39.0 

34.8 

44.8 

46. 

3         47.1 

48. 

L         48.4 

51.6         I 

>2.1 

38.5 

35.0 

45.0 

47. 

I         47.4 

48.* 

t         48.7 

51.9         I 

»2.4 

38.0 

35.3 

45.3 

47.' 

i         47.6 

48.( 

5         48.9 

52.1          £ 

>2.6 

37.5 

35.5 

45.6 

47. 

5         47.8 

48.< 

J         49.2 

52.4         I 

>2.8 

37.0 

35.8 

45.9 

47. 

9         48.1 

49. 

2         49.5 

52.7         I 

>3.1 

36.5 

36.1 

46.1 

48. 

2         48.3 

49.' 

(         49.8 

53.0         I 

>3.4 

36.0 

36.3 

46.4 

48. 

5         48.6 

49.' 

7         50.0 

53.3         I 

»3.7 

35.5 

36.6 

46.7 

48. 

7         48.8 

50.( 

}         50.3 

53.6         f 

>4.0 

35.0 

36.9 

47.0 

49. 

[)         49.1 

50.1 

2         50.6 

53.9         c 

>4.2 

34.5 

37.1 

47.2 

.    . 

50.9 

54.2         I 

>4.5 

34.0 

37.4 

47.5 

51.2 

54.4         I 

>4.7 

33.5 

37.6 

47.8 

51.5 

54.7        i: 

>5.0 

33.0 

37.9 

48.1 

51.7 

55.0         I 

»5.3 

32.5 

38.1 

48.3 

52.0 

55.3         I 

>5.6 

32.0 

38.4 

48.6 

52.3 

55.6         I 

>5.9 

31.5 

38.6 

48.9 

52.6 

55.9          c 

>6.1 

31.0 

38.9 

49.2 

52.8 

56.1          I 

>6.4 

30.5 

39.2 

49.5 

5:^.1 

56.4          I 

>6.7 

30.0 

39.5 

49.8 

f^A 

56.7         I 

»7.0 

29.5 

39.7 

50.0 

53.7 

57.0         I 

»7.2 

29.0 

40.0 

50.3 

53.9 

57.3         I 

►7.5 

28.5 

40.3 

50.5 

54.1 

57.6         £ 

►7.8 

28.0 

40.5 

50.8 

54.4 

57.8       •  £ 

►8.1 

27.5 

40.8 

51.1 

54.7 

58.1         I 

►8.3 

27.0 

41.0 

51.4 

55.0 

58.4         6 

►8.6 

26.5 

41.3 

51.6 

55.2 

58.7         e 

►8.9 

26.0 

41.5 

51.9 

55.5 

59.0         5 

9.2 

25.5 

41.8 

52.2 

65.8 

69.3         5 

9.5 

25.0 

42.0 

52.5 

66.1 

69.6         5 

9.8 

^  Butter  readings,  by  Zeiss. 

'  Lard  readings,  by  Hefelmann. 
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TABLE  II. — Calculated  Readings  (continued). 


^^^.\      OX.1VK 

Pkanut 
Oil. 

COTTON- 

Srrd 
Oil.* 

Rapb- 
Sbbd 
Oil. 

Sbsamb 
Oil. 

Ykllow 
Must. 
Oil.  . 

Black 

■Must. 

Oil. 

Sun- 
flower 
Oil. 

Corn 
Oil. 

POPPY- 

Sbed 
Oil. 

S5.0    \ 

57.0 

59.8 

61.8 

62.1 

62.3 

63.0 

64.2 

64.5 

65.0 

65.5 

M.5    \ 

57.2 

60.0 

62.1 

62.4 

62.5 

63.3 

64.5 

64.8 

65.3 

65.8 

M.O    \ 

57.4 

60.3 

62.3 

62.7 

62.8 

a3.6 

64.8 

65.1 

65.6 

66.1 

33.5    \ 

57.7 

60.6 

62.5 

63.0 

63.1 

63.9 

65.1 

65.4 

65.9 

66.4 

33.0 

58.0 

60.9 

62.8 

63.3 

63.4 

64.1 

65.3 

65.7 

66.2 

66.7 

32.5 

58.3 

61.1 

63.0 

63.6 

63.7 

64.4 

65.6 

66.0 

66.5 

67.0 

32.0 

58.5 

61.4 

63.2 

63.8 

64.0 

64.7 

75.9 

66.3 

66.8 

67.3 

81.5 

59.0 

61.7 

63.6 

64.1 

64.3 

65.0 

66.2 

66.6 

67.1 

67.6 

31.0 

59.2 

62.0 

64.0 

64.4 

64.6 

65.3 

66.5 

66.9 

67.4 

67.9 

30.5 

59.5 

62.2 

64.2 

64.7 

64.9 

65.6 

66.8 

67.2 

67.7 

68.2 

30.0 

59,9 

62.5 

64.5 

65.0 

65.1 

65.8 

67.0 

67.5 

68.0 

68.5 

29.5 

60.1 

62.8 

64.9 

65.3 

65.4 

66.1 

67.3 

67.7 

68.2 

68.7 

29.0 

60.3 

63.1 

65.1 

65.6 

65.7 

66.4 

67.6 

68.0 

68.5 

69.0 

28.5 

60.6   ^ 

63.3 

65.3 

65.9 

66.0 

66.7 

67.9 

68.3 

68.8 

69.3 

28.0 

60.9 

63.6 

65.7 

66.1 

66.2 

66.9 

68.1 

68.6 

69.1 

69.6 

27.5 

61.1 

63.9 

66.0 

66.4 

66.5 

67.2 

68.4 

68.9 

69.4 

69.9 

27.0 

61.5 

64.2 

66.5 

66.7 

66.8 

67.5 

68.7 

69.2 

69.7 

70.2 

26.5 

62.0 

64.4 

67.0 

67.0 

67.1 

67.8 

69.0 

69.5 

70.0 

70.5 

26.0 

62.2 

64.7 

67.3 

66.3 

67.4 

68.0 

69.2 

69.8 

70.3 

70.8 

25.5 

62.4 

65.0 

67.5 

67.6 

67.7 

68.3 

69.5 

70.1 

70.6 

71.1 

25.0 

63.0 

65.3 

67.9 

67.8 

67.9 

68.6 

69.8 

70.4 

70.9 

71.4 

24.5 

63.3 

65.5 

68.2 

68.1 

68.2 

68.9 

70.1 

70.7 

71.2 

71.7 

24.0 

63.6 

65.8 

68.5 

68.4 

68.5 

69.2 

70.4 

71.0 

71.5 

72.0 

23.5 

63.9 

66.1 

68.8 

68.7 

68.8 

69.5 

70.7 

71.3 

71.8 

72.3 

23.0 

64.2 

66.4 

69.1 

69.0 

69.1 

69.7 

70.9 

71.6 

72.1 

72.6 

22.5 

64.5 

66.6 

69.4 

69.3 

69.4 

70.0 

71.2 

71.9 

72.4 

72.9 

22.0 

64.8 

66.9 

69.7 

69.7 

69.7 

70.3 

71.5 

72.2 

72.7 

73.2 

21.5 

65a 

67.1 

70.0 

70.0 

70.0 

70.6 

71.8 

72.5 

73.0 

73.5 

21.0 

65.4 

67.4 

70.3 

70.3 

70.3 

70.9 

72.1 

72.8 

73.3 

73.8 

20.5 

65.7 

67.7 

70.6 

70.6 

70.5 

71.2 

72.4 

73.1 

73.6 

74.1 

20.0 

66.0 

68.0 

70.9 

70.8 

70.8 

71.4 

72.6 

73.4 

73.9 

74.4 

19.5 

66.3 

68.2 

71.2 

71.1 

71.1 

71.7 

72.9 

73.6 

74.1 

74.6 

19.0 

66.6 

68.5 

71.5 

71.4 

71.4 

72.0 

73.2 

73.9 

74.4 

74.9 

18.5 

66.9 

68.8 

71.8 

71.7 

71.7 

72.3 

73.5 

74.2 

74.7 

75.2 

18.0 

67.2 

69.1 

72.1 

72.0 

72.0 

72.6 

73.8 

74.5 

75.0 

75.5 

17.5 

67.5 

69.3 

72.4 

72.3 

72.3 

72.9 

74.1 

74.8 

75.3 

75.8 

17.0 

67.8 

69.6 

72.7 

72.6 

72.5 

73.1 

74.3 

75.1 

75.6 

76.1 

16.5 

68.1 

69.9 

73.0 

72.9 

72.8 

73.4 

74.6 

75.4 

75.9 

76.4 

16.0 

68,4 

70.2 

73.3 

73.2 

73.1 

73.7 

74.9 

75.7 

76.2 

76.7 

15.5 

68.7 

70.5 

73.6 

73.5 

73.4 

74.0 

75.2 

76.0 

76.5 

77.0 

15.0 

68.9 

70.8 

73.8 

T3.8 

73.7 

74.3 

75.5 

76.3 

76.8 

77.3 

*  Olive  oil  readings,  by  A.  K.  L«ach. 
'Cottonseed  oil  readings,  by  A.  E.  Leach. 
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The  refraction  of  beef  stearine  could  not  be  read  at  35°  as  it  melts 
at  a  higher  temperature,  but  its  refraction  has  been  calculated  to  35° 
for  convenience  in  comparison.  These  figures  agree  very  closely  with 
figures  of  other  writers,  except  in  the  case  of  peanut  oil,  in  which  a 
marked  difference  occurs.  Lewkowitsch^  gives  the  reading  at  25®  as 
66-6T,t^^  in  the  neighborhood  of  cottonseed  oil,  while  Utz*  gives  it  at 
the  same  temperature  as  63.2,  in  the  neighborhood  of  olive  oil. 

The  writer  found  three  samples  of  peanut  oil  of  known  purity  to 
read  64.9,  65.0  and  65.3,  respectively,  at  a  temperature  of  25°  C, 
and  it  is  from  these  oils  that  the  readings  for  Table  II  have  been 
calculated. 

In  Table  II  the  readings  of  the  solid  fats  are  given  from  25°,  or 
from  the  melting  points  if  above  this,  to  45°,  and  the  liquid  oils  are 
given  from   15°  to  35*"  C. 

The  constants  of  a  few  of  the  oils  are  as  follows : 


TABLE  III. — Constants  for  Certain  Oils. 


Butyro-Rbf.  at  35<*. 

Iodine  Number. 

Spec.  Gray. 

Beef  Stearine, 

47.0  (calculated) 

27.17 

0.9510 

Lard  Stearine, 

S0.2 

43.49 

0.9496 

Beef  Oleo, 

50.0 

50.67 

0.9256 

Lard  Oil, 

64.2 

70.04 

0.9146 

^  Fats,  oils  and  waxes. 

*  Apoth.  Zeit,  1900,  15,  p.  651 ;  Abstract  in  Zeit.  Unters,  Nahr  und  Genuss,  1901,  p.  453. 
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THE    SIGNIFICANCE    OF  BACTERIOLOGICAL    METHODS 
IN  SANITARY   WATER   ANALYSIS. 

By  C.-E.  a.  WINSLOW  and  C.  P.  NIBECKER. 

1.  Sanitary  Inspection  and  Its  Limitations,  —  it  is  well  recognized 
today  that  a  study  of  the  possible  sources  of  pollution  on  a  watershed, 
of  the  direction  and  velocity  of  currents  above  and  below  ground,  of 
the  character  of  soil  and  the  liability  to  contamination  by  surface  wash, 
may  furnish  the  expert  with  evidence  of  the  greatest  value.'  Often, 
however,  he  must  form  some  opinion  upon  the  quality  of  water  sent 
from  a  distance  without  the  opportunity  of  examining  its  surroundings ; 
and  even  when  a  sanitary  inspection  can  be  made  its  results  are  by 
no  means  conclusive.  No  reconnoissance  can  show  certainly  whether 
unpurified  drainage  from  a  cesspool  does  or  does  not  reach  a  given 
well ;  whether  sewage  discharged  into  a  lake  does  or  does  not  find  its 
way  to  a  neighboring  intake ;  whether  pollution  of  a  stream  has  or  has 
not  been  removed  by  a  certain  period  of  flow.  Evidence  upon  these 
points  must  be  obtained  from  a  careful  study  of  the  characteristics  of 
the  water  in  question,  and  this  study  can  be  carried  out  along  two 
lines,  chemical  and  bacteriological. 

2.  The  Significance  of  the  Chemical  Analysis,  —  A  chemical  ex- 
amination of  water  for  sanitary  purposes  is  mainly  useful  in  throwing 
light  upon  one  point  —  the  amount  of  decomposing  organic  matter 
present.  Humus-like  substances  may  be  abundant  in  surface  waters 
quite  free  from  harmful  pollution,  but  these  are  stable  compounds. 
Easily  decomposable  bodies,  on  the  other  hand,  must  obviously  have 
been  recently  introduced  into  the  water,  and  mark  a  transitional  state. 
**  The  state  of  change  is  the  state  of  danger,"  as  Dr.  T.  M.  Drown  has 
phrased  it.  Sometimes  the  organic  matter  has  been  washed  in  by  rain 
from  the  surface  of  the  ground ;  sometimes  it  has  been  introduced  in  the 
concentrated  form  of  sewage.  In  any  case,  it  is  a  warning  of  possible 
pollution,  and  the  determination  of  free  ammonia,  nitrites,  carlx)naceous 
matter  as  shown  oy  "oxygen  consumed,"  and  .dissolved  oxygen 'yielc( 
important  evidence  as  to  the  sanitary  quality  of  a  water. 
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Furthermore,  nitrates,  the  final  products  of  the  oxidation  of  organic 
matter,  and  the  chlorine  introduced  as  common  salt  into  all  water  which 
has  been  in  contact  with  the  wastes  of  human  life,  furnish  additional 
information  as  to  the  antecedents  of  a  sample.  The  results  of  the 
-chlorine  determination  are  indeed  perhaps  more  clear  than  those  of  any 
other  sanitary  process,  for  chlorine  and  sewage  pollution  vary  together, 
due  allowance  being  made  for  the  proximity  of  the  sea  and  other  geo- 
logical and  meteorological  factors.  Unfortunately,  it  is  only  past  his- 
tory and  not  present  conditions  which  these  latter  tests  reveal,  for  in 
a  ground  water  completely  purified,  from  a  sanitary  standpoint,  such 
soluble  constituents  remain,  of  course,  unchanged.  Thus,  in  the  last" 
resort,  it  is  upon  the  presence  and  amount  of  decomposing  organic 
matter  in  the  water  studied  that  the  opinion  of  the  chemist  must  be 
based. 

3.  The  Quantitative  Bacteriological  Examination  of  Water.  —  The 
decomposition  of  organic  matter  may  be  measured  either  by  the  material 
decomposed  or  by  the  number  of  organisms  engaged  in  carrying  out 
the  process  of  decomposition.  The  latter  method  has  the  advantage 
of  far  greater  delicacy,  since  the  bacteria  respond  by  enormous  multi- 
plication to  a  very  slight  increase  in  their  food  supply,  and  this 
fact,  which  necessitates  great  care  in  methods  and  great  caution  in  the 
interpretation  of  results,  has  led  hasty  observers  to  condemn  the  quan- 
titative bacteriological  methods.  The  past  ten  years  have  witnessed, 
however,  remarkable  progress,  and  the  establishment  of  a  procedure 
for  the  making  of  approximately  uniform  media,  through  the  efforts 
of  G.  W.  Fuller,  G.  C.  Whipple  and  other  prominent  members  of  the 
American  Public  Health  Association,  has  placed  quantitative  bacteri- 
ology on  a  reasonably  firm  basis. 

The  distinction  between  quantitative  and  qualitative  bacteriological 
analysis  is  a  somewhat  arbitrary  one.  The  gelatin  plate  is  not  only 
quantitative  but  also  qualitative,  inasmuch  as  it  eliminates  numerous 
bacteria  for  whose  growth  its  conditions  are  unfavorable,  and  the  dex- 
trose broth  tube  is  a  quantitative  as  well  as  a  qualitative  test  when  it 
is  applied  to  a  series  of  measured  portions  of  the  water  to  be  examined. 
A  better  classification  would  separate  processes  which  indicate  decom- 
posing organic  matter  in  general  from  those  other  methods  which  aim 
at  the  separation  of  the  organisms  associated  more  specificaUy  with 
sewage  pollution.  Under  the  first  head  comes  only  the  standard  gela- 
tin plate  count  at   20°;   and  this  count,  as  above  suggested,  roughly 
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corresponds,  in  not  too  heavily  polluted  waters,  to  the  free  ainmonia 
and  "oxygen  consumed,**  as  revealed  by  chemical  analysis.  If  low^ 
numbers  of  bacteria  are  found,  the  evidence  is  highly  reassuring,  for 
it  is  seldom  that  water  could  be  contaminated  under  natural  conditions 
without  the  direct  addition  of  foreign  bacteria  or  of  organic  matter 
which  would  induce  a  rapid  multiplication  of  those  already  present. 
The  bacteriologist,  in  such  cases,  can  declare  the  innocence  of  the 
water  with  justifiable  certainty.  Recently  an  examination  was  made 
by  one  of  us  of  a  town  supply  which  was  derived  from  a  filter  gal- 
lery on  the  shore  of  a  lake  below  a  gathering  ground  occupied  by 
a  considerable  population.  Public  confidence  in  this  water  had  beem 
shaken  because  the  chlorine  was  high,  about  eight  parts  per  million. 
It  is  true  that  the  ammonias  were  fairly  low,  the  free  ammonia  being^ 
about  .03  parts  and  the  albuminoid  ammonia  about  .05  parts  per  mil- 
lion; but  the  gelatin  count  proved  far  more  instructive.  Plates  made 
from  water  taken  at  different  parts  of  the  system  showed  from  o  to  5 
colonies  per  cubic  centimeter,  indicating,  in  connection  with  sterile: 
litmus-lactose-agar  plates  at  37°  and  negative  tests  for  Bacillus  coli^ 
that  at  the  time  of  examination  all  pollution  had,  without  question^ 
been  effectually  removed.  Only  repeated  studies  could,  of  course; 
prove  this  condition  to  be  permanent,  but  the  same  objection  applies 
to  any  other  method  of  analysis. 

If  the  gelatin  count  be  high,  the  interpretation  is  less  simple.  In 
the  first  place,  high  numbers  are  at  times  due  to  the  exceptional 
multiplication  of  certain  water  forms,  which  may  generally  be  de- 
tected by  inspection  of  the  plates.  Thus  a  sample  of  spring  water 
recently  received  from  a  distance  contained,  on  arrival,  4,200  bacteria 
per  cubic  centimeter,  almost  all  the  colonies  being  those  of  the  fluo- 
rescent water  bacillus.  Sterile  litmus-lactose-agar  plates  and  negative 
tests  for  sewage  bacteria  confirmed  the  conclusion  that  in  this  case 
the  high  count  signified  only  a  multiplication  in  transit.  Large  nunv 
bers,  under  ordinary  conditions,  when  they  include  a  normal  variety 
of  forms,  indicate,  however,  the  presence  of  an  excess  of  organic  mat- 
ter. Such  organic  matter  may  not  mean  sewage  pollution ;  it  does- 
mean  at  least  the  presence  of  washings  from  the  surface  of  the  ground,, 
which  always  implies  the  possibility  of  pollution ;  and  no  supplies  ex- 
posed to  such  conditions  are  now  considered  satisfactory.  The  close 
correspondence  between  the  excess  of  bacteria  in  surface  waters  during 
the  winter  and  spring  months,  and  the  epidemics  of  typhoid  fever  due 
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to  the  same  waters,  brings  out  forcibly  the  reality  of  this  danger,  and 
emphasizes  the  fact  that  high  total  numbers  of  bacteria  are  always  to 
be  regarded  as  possibly  significant. 

4.  The  Isolation  of  Intestinal  Bacteria,  —  The  bacteriologist  can, 
however,  do  more  than  detect  the  presence  of  general  organic  contam- 
ination ;  he  can  discover  as  well  in  polluted  water  certain  semi-parasitic 
•organisms,  found  in  large  numbers  in  the  alimentary  canal,  whose  pres- 
■ence  specifically  indicates  the  entrance  of  sewage.  Ever  since  its 
interference  with  the  early  attempts  to  isolate  the  germ  of  typhoid 
fever  from  water  the  Bacillus  coli  has  been  recognized  as  an  organism 
of  this  character,  and  in  recent  years  the  researches  of  the  English 
sanitarians,  A.  C.  Houston,  E.  Klein,  and  W.  H.  Horrocks,  have  shown 
the  importance  of  the  streptococci  in  the  same*  connection. 

This  whole  subject  is  a  new  one,  and  even  in  the  technique  of  the 
colon  test  divergent  opinions  still  exist  on  two  points,  which,  it  is  to 
ibe  hoped,  may  be  harmonized  for  the  sake  of  comparability.  In  the 
first  place,  the  tests  used  in  defining  Bacillus  coli  are  not  yet  quite 
iiniform.  For  example,  Whipple  has  recently^  given  forty-eight  hours 
as  the  period  for  the  nitrate,  milk,  and  indol  reactions ;  while  twenty- 
:four  hours  is  the  time  employed  in  many  laboratories  for  the  two  first, 
^nd  seventy-two  hours  for  the  last  of  these  tests.  Whipple  also  in- 
<:ludes  the  failure  to  form  spores  as  one  of  the  routine  tests  for  Bacil- 
lus coli^  which  seems  to  us  needless,  as  there  are  no  forms  likely  to 
be  found  in  water  analyses  which  form  spores  while  giving  all  the 
other  reactions  of  the  organism.  These  slight  differences  in  method 
•do  not,  however,  materially  affect  the  practical  results  of  the  colon 
lest.  The  main  characteristics  of  the  bacillus,  the  typical  reactions 
on  jagar  and  gelatin,  and  in  dextrose  broth,  milk,  nitrate  solution,  and 
peptone  solution,  are  well  understood;  and  the  effect  of  the  different 
periods  used  for  the  tests  will  only  be  manifest  in  the  inclusion  or 
exclusion  of  certain  allied  forms,  which  Whipple  assumes,  with  some 
probability,  to  be  typical  colon  bacilli,  weakened  by  sojourn  under  un- 
favorable conditions.  It  seems  to  us  desirable,  in  the  present  state  of 
our  knowledge,  to  exclude,  as  far  as  possible,  these  atypical  forms, 
whose  significance  is  still  uncertain. 

More  serious  than  slight  variations  in  the  technique  of  the  colon 
test  is  the  failure  to  apply  it  quantitatively  to  the  examination  of  small 
samples  of  water,  cubic  centimeters  or  fractional  parts.  Bacillus  coli 
has  frequently  been  found  in  large  samples  of  waters  of  fair  sanitary 
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quality.  Prescott  ^  has  shown  the  identity  of  this  organism  with  certain 
lactic  acid  bacteria  found  upon  grains  and  other  cereals.  Whipple  re- 
marks that,  *'  Bacillus  coli^  if  not  widely  distributed  in  nature,  resembles 
certain  common  bacteria  in  all  points  covered  by  the  usual  tests ; "  but 
it  by  no  means  follows,  as  he  states,  that  this  throws  "doubt  upon 
the  use  of  this  organism  as  a  conclusive  test  for  faecal  contamination.'" 
Many  German  bacteriologists,  particularly  the  pupils  of  Kruse,  at  Bonn, 
have  indeed  concluded,  because  they  could  isolate  colon  bacilli  from 
good  waters  by  the  examination  of  a  series  of  liter  samples,  that  the 
test  was  valueless.  It  is  essentially,  however,  a  question  of  less  and 
more.  Colon  bacilli  are  either  wanting  in  good  waters  or  are  so  rare 
as  not  to  be  found  in  the  examination  of  samples  of  one  cubic  centi- 
meter; they  are  found  in  a  majority  of  one  cubic  centimeter  samples 
of  water  so  polluted  as  to  be  dangerous  for  drinking;  between  these 
two  extremes  their  numbers  vary  with  the  amount  of  pollution.  Klein 
and  Houston^  in  England,  Jordan,*  and  Winslow  and  Hunnewell*  in 
America,  and  very  recently,  Petruschky  and  Pusch  ^  in  Germany,  have 
exhaustively  studied  the  distribution  of  the  colon  bacillus  with  uniform 
results.  That  the  absence  of  this  organism  demonstrates  the  harmless- 
ness  of  a  water  as  far  as  bacteriology  can  prove  it  no  one  would  proba- 
bly hesitate  to  acknowledge ;  and  that,  when  present,  its  numbers  form 
a  trustworthy  measure  of  its  sanitary  condition,  the  observers  above 
quoted  have  proved  beyond  reasonable  cavil. 

5.  The  Fermentation  Test,  —  In  a  thorough  examination  of  a  single 
sample  of  water  the  attempt  should  be  made  to  isolate  colon  bacilli  and 
stre{)tococci,  and  to  work  them  out  in  detail.  Often,  however,  when  a 
quick  result  is  desired,  or  when  a  long  series  of  routine  observations 
must  be  made,  some  shorter  method  is  desirable.  The  classic  work  of 
Theobald  Smith  early  pointed  out  that  the  dextrose  broth  tube  fur- 
nished such  a  rapid  test,^  and  it  has  since  been  well  established  that 
organisms  found  in  water  which  at  37®  produce  in  twenty-four  hours 
a  good  quantity  of  gas,  made  up  of  approximately  two  parts  of  hydro- 
gen to  one  part  of  carbon  dioxide,  are  almost  always  colon  bacilli.  In 
the  paper  to  which  reference  has  several  times  been  made,  Whipple^ 
has  brought  strong  evidence  of  the  value  of  this,  which  he  calls  the 
"  presumptive  test  '*  for  Bacillus  colt.  The  diagrams  there  given,  show- 
ing the  chemical  and  bacteriological  relation  of  certain  surface  waters 
grouped  under  six  headings,  according  to  their  relative  pollution  as 
determined  by  inspection,  are  striking,  and  indicate  that  the  presump- 
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tive  colon  test  harmonizes  closely  with  actual  conditions.  Whipple's 
scale,  according  to  which  water  giving  a  positive  presumptive  test  in 
one  cubic  centimeter  is  questionable  and  in  one-tenth  of  a  cubic  centi- 
meter is  probably  unsafe,  seems  justified  by  all  the  evidence  at  hand. 

6.  The  LitmuS'Lactose-Agar  Plate,  —  Besides  the  gelatin  plate 
count  at  20°  and  the  study  of  dextrose  broth  tubes,  either  with  deter- 
mination of  the  gas  formula  alone  or  with  sub-cultures  definitely  to 
identify  the  colon  bacillus  and  the  streptococci,  there  is  another  method 
of  examination— the  direct  plating  of  the  water  in  litmus-lactose-agar, 
—  which  has  never  come  into  such  general  use,  but  which  is  capable 
of  wide  and  helpful  application.  Hazen  and  White,^  as  long  ago  as 
1 89 1,  suggested  that  agar  plates  grown  at  the  body  temperature,  in- 
stead of  permitting  the  growth  of  all  the  water  species,  would  "pre- 
sent a  selected  number,  namely,  those  which  can  live  at  blood  heat; 
including,  we  may  believe,  most  of  the  parasitic  and  pathogenic  germs, 
which,  under  the  circumstances,  are  the  ones  of  greatest  interest ;  and 
eliminating  those  species  which  cannot  grow  at  the  temperature  of  the 
body,  and  are,  therefore,  in  most  cases,  as  such,  presumably  harmless." 

In  1893,  Mathews,^  now  so  widely  known  for  his  physiological 
researches,  published  in  this  journal  an  account  of  the  Wurtz  litmus- 
lactose-agar  plate,  introduced  into  this  country  in  the  previous  year  by 
Professor  Sedgwick  and  himself,  and  suggested  its  application  to  the 
sanitary  analysis  of  water.  Fifty-nine  samples  of  water  examined  gave 
results  summarized  in  the  following  table,  indicating  clearly  what  the 
author  described  as  a  "heat  and  agar  differentiation.*' 


SOUKCRS  OF  WaTBR. 

AVBKAGK   NUMBBR   OF   CoLONIRS    PER   C.C. 

Gelatin  2(P. 

Wurti-Agar  37.5°. 

Wells,  springs 
Reservoirs 
Ponds 
'                Taps 

Streams 

1,664 
153 
296 
242 
273 

28 
43 
95 
24 
101 

The  main  object  of  this  work  was  to  facilitate  isolation  of  the  ty- 
phoid bacillus  from  water  by  eliminating  those  forms  likely  to  mask  it 
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on  the  gelatin  plate.  It  was  obvious,  however,  that  a  method  giving 
such  special  prominence  to  organisms  growing  at  the  body  tempera- 
ture and  to  the  acid  formers,  which  have  more  and  more  come  to  be 
recognized  as  intestinal  forms,  must  have  a  direct  application  to  sani- 
tary water  analysis. 

The  general  interest  awakened  about  1893  by  the  colon  test  per- 
haps accounts  for  the  fact  that  the  agar  plate  method  was  used  less 
for  its  own  sake  than  as  an  aid  in  the  separation  of  Bacillus  coli.  It 
has  been  extensively  applied  to  this  purpose  by  the  Massachusetts 
State  Board  of  Health;  in  1899  the  average  number  of  colon  bacilli 
in  the  Merrimac  River  water  thus  determined  varied  from  eight  per  c.c. 
in  August  to  140  in  December .^^  Irons,^^  at  about  the  same  time, 
compared  the  method  with  the  dextrose  broth  tube  for  the  isolation 
of  Bacilltis  coliy  and  concluded  that  it  was  less  useful  than  the  latter, 
especially  when  applied  to  highly"  polluted  waters. 

English  sanitarians  have  made  good  use  of  this  test,  modified  by 
the  addition  of  one-thousandth  part  of  phenol  Jo  the  litmus-lactose-agar 
medium.  The  elaborate  researches  of  Chick,*^  for  example,  showed 
6,100  colon  bacilli  per  c.c.  in  the  Manchester  Ship  Canal,  55- 190  in 
the  polluted  River  Severn,  and  numbers  up  to  65,000  per  gram  in 
roadside  mud.  On  the  other  hand,  of  thirty-eight  unpolluted  streams 
and  rivulets,  thirty-one  gave  no  Bacillus  coli,  and  the  other  seven  gave 
ohe  per  cubic  centimeter  or  less.  The  Liverpool  tap  water,  snow,  rain, 
and  hail  gave  no  colon  bacilli. 

Few  recent  authors  appear  to  have  used  the  37°  count  and  the 
count  of  acid  formers  as  in  themselves  important,  although  RideaP' 
lays  some  stress  upon  the  former  and  mentions  that  a  London  water 
gave  on  an  average  only  one-twelfth  as  many  colonies  on  agar  at  37° 
as  on  gelatin  at  20°.  The  blood  temperature  count  has,  however,  been 
in  constant  use  in  the  biological  laboratories  of  the  Massachusetts  In- 
stitute of  Technology,  at  the  University  of  Chicago,  at  Beloit  College 
and  some  other  institutions,  and  in  legal  practice,  with  results  of  uni- 
form significance. 

7.  Nezv  Studies  of  Unpolluted  Waters  by  means  of  the  Litmus- 
Lactose- Agar  Plate. — We  are  strongly  of  the  opinion  that  this  feature 
of  the  bacteriological  analysis  should  not  be  neglected,  particularly  in 
view  of  the  fact  that  the  litmus-lactose  plate  reveals  the  presence  of  the 
streptococci  which  may  be  overlooked  in  the  dextrose  tube.  Because 
of  the  small  attention  paid  to  the  method  in  recent  text-books  and  the 
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paucity  of  pubtished  data  as  to  its  results,  we  have  thought  it  worth 
while  to  repeat  Mathews's  work  of  1893  by  the  examination  of  259 
samples  of  water.  The  samples  covered  as  wide  a  range  as  possible 
of  waters  presumably  not  polluted  by  sewage,  our  object  being  to  show 
definitely  whether  organisms  growing  at  37°  and  fermenting  sugar  are 
rare  in  such  sources.  Besides  the  public  supplies  of  thirteen  cities  and 
towns,  we  examined  waters  from  brooks,  ponds,  springs,  deep  and  shal- 
low wells,  swamps,  and  pools  in  fields  and  woods.  The  samples  were 
collected  between  January  and  May  of  1903,  and  in  some  instances 
the  spring  rains  had  washed  excessive  amounts  of  organic  matter  into 
the  wjaters  tested.  In  most  cases  the  samples  were  brought  to  the 
laboratory  within  four  to  six  hours,  and  two  gelatin  plates,  two  litmus- 
lactose-agar  plates,  and  three  dextrose  broth  tubes  were  inoculated  from 
each,  one  cubic  centimeter  portions  being  used,  or  one-tenth  of  a  cubic 
centimeter  portions  in  plating  from  those  samples  wbich  contained  an 
obvious  excess  of  organic  matter.  The  agar  plates  were  counted  after 
twenty-four  hours  at  37°,  the  number  of  red  colonies  being  noted,  and 
at  the  same  time  the  dextrose  broth  tubes  were  examined  and  the  gas 
formula  determined.  The  gelatin  plates  were  counted  after  forty-eight 
hours. 

8.  Results  of  Our  Studies.  —  The  results  of  the  examination  are 
shown  in  detail  upon  the  accompanying  table.  The  gelatin  counts, 
it  will  be  noted,  ranged  high  in  some  cases :  the  Dedham,  Medford, 
and  Milton  supplies,  the  Sharon  well,  the  roadside  pools,  and  the  drain- 
age from  a  pasture  giving  figures  which  would  excite  suspicion.  The 
high  Milton  figures  may  probably  be  explained  by  the  fact  that  these 
samples  were  two  to  three  days  old  when  examined,  a  condition  which 
obtained  in  no  other  case.  The  Dedham  average  was  due  to  very  high 
counts  on  two  samples,  the  other  plates  being  sterile. 

The  total  count  on  litmus-lactose-agar  was,  in  general,  low,  the 
highest  average  being  46  for  the  Sharon  well  and  31  for  the  pools 
in  the  fields.  The  general  average  for  the  whole  259  samples  was 
less  than  8.  Colonies  of  strong  red  color  were  found  in  only  two 
samples,  one  from  the  Sharon  well  and  one  from  the  Brookline  supply. 
In  the  latter  case,  we  have  reason  to  suspect  contamination  after 
the  collection  of  the  sample  and  while  it  was  out  of  our  hands.  A 
very  faint  acid  producer,  giving  a  mere  suggestion  of  red  color,  was 
present  in  a  number  of  the  public  supplies,  and  proved  to  be  Bacillus 
mycoides,  or  a  closely  related  form.     Finally,  of  the  dextrose  broth  tubes 
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inoculated,  only  forty-one  showed  gas,  and  of  these,  only  three,  made 
from  the  Sharon  well,  gave  the  proper  gas  formula.  The  organism 
here  actually  proved  to  be  Bacillus  coli ;  and  as  the  well  is  situated 
just  below  a  stable  and  barnyard  we  are  inclined  to  believe  it  actually 
polluted.  Thus  this  apparent  exception  only  adds  to  the  force  of  the 
general  rule. 

If  we  consider  the  results  of  this  examination  of  the  litmus-lactose- 
agar  plate  it  becomes  apparent  that  organisms  capable  of  growth  at 
the  body  temperature  are  not  numerous  in  unpolluted  waters ;  acid 
formers  are  practically  absent. 

We   have  made  no   special   comparative  examinations  of   polluted 
waters  because  their  condition  is  fairly  well  known.     The  Massachu- 
setts State  Board  of  Health  results,  and  those  obtained  by  Chick  for 
Bacillus  coli  alone,  are  sufficiently  large  to  give  an  idea  of  the  num- 
ber of  acid  formers  present  in  polluted  streams ;  while  in  some  recent  j 
work  at  the  Institute,  to  be  published  shortly,  Mr.  S.  K.  Baker  has  I 
found  total  37°  counts  ranging  from  9,800  to  16,900  in  water  from 
various  parts  of   the  Charles   River.     Two  twenty-four-hour  examina- 
tions of  Boston  sewage,  made  at  the  Sanitary  Research  Laboratory  of                j 
the  Massachusetts  Institute  of  Technology  during  the  summer  of  1903,                 ? 
gave  an  average  of  3,660,000  bacteria  per  c.c.  on  gelatin  at  20®,  and 
2,310,000  bacteria  per  c,c.  on  lactose-agar  at  37®,  with  550,000  acid                 i 
formers.     In   general,  we   may  say  that   the   total   count   on   litmus- 
lactose-agar  will   be  likely  to   run  into  hundreds  in  polluted  waters, 
sometimes  equalling  that  obtained  on  gelatin  at  20°,  with  a  large  pro- 
portion of  acid  formers ;   while  good  waters  will  show  a  count  under                 \ 
fifty,  with  acid  formers  only  rarely  present.     From  exceptionally  pure                 I 
waters  sterile  plates  at  37°  may  often  be  obtained.                                                ' 

9.  Summary  of  Bacteriological  Methods.  —  In  conclusion,  it  ap- 
pears, in  the  light  of  present  knowledge,  that  the  full  bacteriological 
examination  of  the  future  will  consist  of  three  parts  —  the  gelatin 
plate  count  as  an  estimate  of  the  amount  of  organic  decomposition  in  I 

process;  the  total  count  and  the  count  of  red  colonies  on  litmus- 
lactose-agar,  as  a  measure  of  the  organisms  which  form  acids  and 
thrive  at   the  body  temperature;   and  the   study  of  a  series  of   dex-  \ 

trose  broth  tubes  for  the  isolation  of  colon  bacilli  and  streptococci. 
The  simple  examination  of  the  dextrose  broth  tube  and  the  count  on 
the  litmus-lactose-agar  plate  will  serve  for  what  Whipple  has  well 
called   presumptive  tests. 
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10.  Significance  of  Bacteriological  Results,  —  The  results  of  the 
bacteriological  examination  have,  in  several  respects,  a  peculiar  and 
unique  significance.  First,  this  examination  is  the  most  direct  hygienic 
method  of  water  analysis.  Whipple,^  in  the  paper  quoted  above,  says 
that  his  presumptive  test  "  gives  results  that  agree  well  with  chemical 
and  biological  analysis."  Bacteriology,  however,  needs  no  such  in- 
direct justification.  What  we  dread  in  drinking  water  is  the  presence 
of  pathogenic  bacteria,  mainly  from  the  intestinal  tract  of  man,  and  it 
is  quite  certain  that  the  related  non-pathogenic  bacteria  from  the  same 
source  will  reveal  the  presence  of  these  disease  germs  more  clearly  than 
will  any  chemical  compounds.  In  the  second  place,  the  bacteriological 
methods  are  far  more  delicate  than  any  others.  Klein^  showed  by 
experiment  with  dilutions  of  sewage  that  the  colon  test  was  from  ten 
to  one  hundred  times  as  sensitive  as  the  methods  of  chemical  analysis ; 
and  a  simple  calculation  shows  that  this  must  be  the  case,  since  sewage 
contains  only  from  a  hundred  to  a  thousand  times  as'  much  chlorine  as 
good  drinking  water  against  ten  thousand  to  a  hundred  thousand  times 
as  many  colon  bacilli.  Studies  of  the  self-purification  of  streams  have 
confirmed  these  conclusions  on  a  practical  scale.  Thus  in  the  Sud- 
bury River  it  was  found  that  while  the  chemical  evidences  of  pollu- 
tion persisted  for  six  miles  beyond  the  point  of  entrance,  the  bacteria 
introduced  could  be  detected  for  four  miles  further.^*  Thirdly,  neg- 
ative tests  for  Bacillus  coli  and  low  bacterial  counts  may  be  interpreted 
as  proofs  of  the  good  quality  of  water,  with  a  certainty  not  attainable 
by  any  other  method  of  analysis.  Many  a  surface  water  with  reason- 
ably low  chlorine  and  ammonias  has  caused  epidemics  of  typhoid  fever ; 
but  it  is  impossible,  under  any  natural  conditions,  that  a  water  could 
contain  important  typhoid  contamination  without  giving  clear  evidence 
of  pollution  in  the  dextrose  broth  tube  or  on  the  lactose-agar  plate. 

It  seems  to  the  writers  that  the  real  application  of  chemistry  begins 
where  that  of  bacteriology  ends.  When  pollution  is  so  gross  that  its 
existence  is  obvious  and  only  its  amount  needs  to  be  determined,  the 
bacteriological  tests  will  not  serve  on  account  of  their  excessive  deli- 
cacy. In  studying  the  heavy  pollution  of  small  streams,  the  treatment 
of  trades  wastes,  and  the  purification  of  sewage,  the  relations  of  nitrog- 
enous compounds  and  of  oxygen  compounds  are  of  prime  importance. 
In  other  words,  when  pollution  is  to  be  avoided  because  the  decom- 
position of  chemical  substances  causes  a  nuisance,  it  must  be  studied 
by  chemical  methods.     When  the  danger  is   of   infection  and  comes 
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only  from  the  presence  of  bacteria,  bacteriological  methods  furnish  the 
best  index  of  pollution. 

In  the  study  of  certain  special  problems  the  paramount  importance 
of  bacteriology  is  generally  recognized.  The  distribution  of  sewage  in 
large  bodies  of  water  into  which  it  has  been  discharged  may  be  traced 
best  in  this  way  on  account  of  the  ready  response  of  the  bacterial  counts 
to  slight  proportions  of  sewage,  particularly  since  the  ease  and  rapidity 
with  which  the  technique  of  plating  can  be  carried  out  make  it  possi- 
ble to  examine  a  large  series  of  samples  with  a  minimum  of  time  and 
trouble.  For  the  same  reasons,  and  because  the  factors  which  condition 
the  disappearance  of  disease  germs  from  a  polluted  river  must  operate 
most  nearly  in  the  same  manner  upon  related  parasitic  forms,  the  fer> 
mentation  tube  and  the  gelatin  and  lactose-agar  plates  furnish  the 
best  criteria  for  a  study  of  the  self-purification  of  streams.  Finally, 
the  quickness  with  which  slight  changes  in  the  character  of  a  water 
are  marked  by  fluctuations  in  bacterial  numbers  renders  the  bacterio- 
logical methods  invaluable  for  the  daily  supervision  of  surface  supplies 
or  of  the  effluents  from  municipal  filtration  plants. 

In  the  commoner  case,  when  normal  values  obtained  by  such  routine 
analyses  are  not  at  hand,  the  problem  of  the  interpretation  of  any  sani- 
tary analysis  is  a  more  difficult  one.  The  conditions  which  surround 
a  source  of  water  supply  may  be  constantly  changing.  No  engineer 
can  measure  the  flow  of  a  stream  in  July  and  deduce  the  amount  of 
water  which  will  pass  in .  February.  Yet  the  July  gauging  has  its  own 
value  and  significance.  So  a  single  analysis  of  any  sort  is  not  suffi- 
cient for  all  past  and  future  time.  If  it  gives  a  correct  picture  of  the 
hygienic  condition  of  the  water  at  the  moment  of  examination,  it  has 
fulfilled  its  task;  and  this  the  bacteriological  analysis  can  do.  The 
evidence  furnished  by  inspection  and  by  chemical  analysis  must  be 
welcomed  whenever  it  can  be  obtained.  Yet  we  are  of  the  opinion 
that,  on  account  of  their  directness,  their  delicacy,  and  their  certainty, 
the  bacteriological  methods  should  be  the  last  to  be  omitted,  and,  if 
necessary,  they  alone  may  furnish  conclusive  testimony  as  to  the  safety 
of  .a  potable  water. 

In  conclusion,  we  desire  to  express  our  thanks  to  Professor  W.  T. 
Sedgwick,  whose  interest  in  this  subject  has  been  our  chief  inspira- 
tion, as  it  was  that  of  some  of  its  earliest  investigators  in  1891  and 
1893. 
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STRUCTURE  AND  COMPOSITION  OF  THE  DELTA  PLAINS 
FORMED  DURING  THE  CLINTON  STAGE  IN  THE  GLA- 
CIAL LAKE  OF  THE  NASHUA    VALLEY} 

By  W.  O.  CROSBY. 

Introduction. 

During  the  Clinton  stage  of  Lake  Nashua  the  impounded  waters 
found  an  outlet  through  the  pass  in  the  eastern  wall  of  the  valley  now 
occupied  by  the  Central  Massachusetts  Railroad  and  later  to  be  closed 
by  the  South  Dike  (one  of  the  auxiliary  dams  of  the  Wachusett  Reser- 
voir), and  were  probably  tributary  to  the  Charles  River  and  Massachu- 
setts Bay,  as  described  in  the  preceding  paper.*  The  normal  elevation 
of  this  outlet  is  about  370  feet,  or  about  70  feet  lower  than  the  outlet 
southward  into  Lake  Quinsigamond  and  the  Blackstone  River  during 
the  earlier,  Boylston,  stage.  Since  the  South  Dike  pass  is  the  lowest 
point  in  the  rim  of  the  Nashua  Valley  south  of  Ayer  Junction  and 
the  Fitchburg  Railroad,  more  than  a  dozen  miles  to  the  northward,  we 
may  fairly  assume  that  the  Clinton  stage  of  Lake  Nashua  was  the 
longest  in  its  history.  Certainly  in  no  other  part  of  the  valley  have 
the  delta  plains  a  more  perfect  or  more  continuous  development.     As 


1  This  paper  will  complete  the  series  of  contributions  to  the  geology  of  the  Nashua 
Valley,  in  Massachusetts,  based  upon  the  studies  and  observations  made  by  the  writer  in 
connection  with  the  operations  of  the  Metropolitan  Water  Board  in  the  construction  of 
the  Wachusett  Reservoir  and  Aqueduct.  The  first  paper,  on  the  "  Geology  of  the  Wachu- 
sett Dam  and  Wachusett  Aqueduct  Tunnel  **  (Technology  Quarterly,  Vol.  XII,  68- 
96),  relates  especially  to  the  character  and  structural  relations  of  the  rock  formations  of  a 
limited  portion  of  the  eastern  side  of  the  valley;  the  second  paper,  on  the  ** Geological 
History  of  the  Nashua  Valley  during  the  Tertiary  and  Quaternary  Periods  '*  (Technology 
Quarterly,  Vol.  XII,  288*324),  is  essentially  a  physiographic  study  of  the  region,  con- 
sidering especially  the  history  of  the  drainage  and  tne  successive  stages  of  glacial  Lake 
Nashua;  and  the  purpose  of  this  third  paper  is  a  detailed  account  of  some  of  the  deposits 
formed  during  a  single  stage  of  Lake  Nashua.  Once  more  I  feel  myself  deeply  indebted 
to  the  Metropolitan  Water  Board  for  the  opportunity  to  do  this  work  and  for  permission 
to  publish  the  results  of  scientific  interest,  and  my  grateful  acknowledgments  are  also 
due  the  chief  engineer  of  the  board,  Mr.  F.  P.  Steams,  and  various  members  of  his  staff 
for  many  special  facilities  and  helpful  courtesies  in  the  prosecution  of  the  work. 

2  Technology  Quarterly,  11,  318. 
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previously  noted,^  however,  the  plains  of  this  stage  belong  almost 
wholly  to  its  earliest  phase,  when  the  water  area  was  small,  occurring 
chiefly  in  Boylston  and  Clinton  and  almost  wholly  south  of  Lancas- 
ter, suggesting  that  over  the  long  stretch  of  the  valley  between  Clin- 
ton and  Ayer  the  ice  margin  retreated  too  rapidly  to  permit  the 
formation  of  extensive  plains  of  normal  height  in  water  from  icx)  to 
200  feet  deep.  Although,  as  the  accompanying  map  shows,  the  Clin- 
ton plains,  with  normal  elevations  of  375  to  385  feet,  are  broadly  and 
typically  developed  in  the  districts  both  immediately  northwest  and 
southwest  of  the  village  of  Clinton,  it  is  in  the  latter  area  that  they 
have  been  most  perfectly  exposed  for  study  by  deforesting,  and  most 
fully  explored,  first,  by  drilling,  preparatory  to  the  construction  of 
the  North  Dike,  and  second,  by  the  excavation  of  the  great  trench 
subsequently  filled  with  impervious  material  to  form  the  core,  or  cut- 
off, of  the  dike.  The  main  cut-off  trench  afforded  a  nearly  continu- 
ous section,  having  an  aggregate  length  of  9,556  feet  and  a  maximum 
depth  of  60  feet,  and  in  addition  to  this  there  was  a  shorter  secondary 
cut-off  trench.  The  wash-drill  borings,  to  the  number  of  1,131,  with 
an  average  depth  of  83  feet  and  a  maximum  depth  of  nearly  300  feet, 
are ,  distributed  systematically  and  somewhat  uniformly  over  an  area 
9,000  feet  in  length  (east-west)  and  2,000  to  3,000  feet  in  breadth. 
Nearly  10,000  samples  from  these  borings  have  been  examined,  in  part 
somewhat  exhaustively,  and  it  is,  perhaps,  within  bounds  to  say  that 
in  certain  aspects  no  similar  body  of  modified  drift  has  been  more 
thoroughly  investigated.  The  available  data  seem,  therefore,  to  justify 
a  somewhat  elaborate  description  and  discussion  —  especially  when 
taken  in  connection  with  the  fact,  fully  brought  out  by  the  borings, 
that  these  delta  deposits  fill  and  deeply  bury  the  preglacial  gorge  of 
the  Nashua  River  and  have  thus,  for  this  region,  very  exceptional 
thickness;  and  the  further  fact  that  externally,  also,  they  are  rather 
impressive  examples  of  the  type,  presenting  ideal  developments  of  all 
the  normal  features,  including  ice  contact,  frontal  and  erosion  slopes, 
and  the  plain  upper  or  top-set  surface  dimpled  by  kettles.  Moreover, 
tributary  eskers  are  not  wholly  wanting,  notwithstanding  the  great 
average  depth  of  the  water  in  which  the  deltas  were  built. 

The  plan  of  this  paper  embraces,  then,  a  brief  account  of  the  ex- 
ternal and  formal  features  of  the  Clinton  deltas,  followed  by  the  more 


1  Technology  Quarterly,  12,  323. 
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minute  and  elaborate  description  and  discussion  of  structure  and  com- 
position indicated  in  the  title;  and  its  publication  is  not  lacking  in 
timeliness,  since  the  borings  and  excavations  are  completed,  while  the 
natural  contours  of  a  large  area  have  been  effaced  by  the  building  of 
the  North  Dike,  and  all  that  part  of  the  deltas  south  of  the  North  Dike 
will  be  permanently  submerged  within  the  next  five  years  by  the  filling 
of  the  great  reservoir. 

Formal  Features  of  the  Clinton  Plains. 


% 


i 
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Recessional  Development  and  Origittal  Subdivision.  —  Narrow  mar- 
ginal developments,  mainly  erosion  remnants  of  plains  coinciding  in 
elevation  with  the  Clinton  delta,  terrace  the  Nashua  Valley  as  far  up 
as  Oakdale,  where  the  Nashua  is  formed  by  the  confluence  of  the  Still- 
water and  Quinepoxet  Rivers.  Each  of  the  marginal  developments 
promptly  rises  above  the  Clinton  level.  It  is  probable,  however,  that 
<hese  are  not  to  any  important  extent  the  product  of  free  delta  growth 
at  this  level,  but  they  may  be  ascribed  in  the  main,  if  not  wholly,  to 
the  erosive  action  of  the  river  as  it  cut  down  through  the  plains  of 
the  preceding,  or  Boylston,  stage  and  developed  its  flood  plains  at  the 
base  level  determined  by  the  South  Dike  or  Clinton  outlet  of  Lake 
Nashua,  as  described  in  an  earlier  paper.^     In  other  words,  during  the  |^ 

Boylston  stage  the  entire  valley  above  the  ice  margin,  which  was  then  J^ 

in   the   latitude   of  Boylston   (Sawyer's   Mills),  was   probably,    except  ^ 

where   occupied  by  residuary  masses  of  ice,  completely  filled  by  the  i^ 

Boylston  deposits  to  the  level  of   that  stage   (440  feet),  leaving   no  ^ 

room  south  of  the  Boylston  ice  margin  for  the  extension  of  the  later  /^v 

Clinton  plains.     And  with  the  opening  of  the  South  Dike  pass  came  >^ 

a  rapid  development  of  the  Clinton  plain,  made  possible  by  the  neces-  '"]/ 

sarily  rapid  erosion  of   the  high  and  deep  deposits  of   the    Boylston  '^xj 

stage.     In  fact,  the  waste  of   the   Boylston  plain  along   the   axis  of  - 

the  valley  must  have  been  enormous  in  the  first  few  years  after  it  • 

became  exposed  to  the  rush  of  the  Nashua  and  its  tributaries,  with  \i 

a  fall  of  from  10  to  20  feet  per  mile,  and  we  cannot  escape  the  con-  ^^ 

elusion  that  through  the  cooperation  of  the   Nashua  with  the  glacial  aV 

streams  from  the  northward  the  Clinton  plain  was  developed  continu-  *^ 

ously  along  the  southern  margin  of  the  ice  to  the  outlet,  the  level  of  "^ « 
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which  was  probably  raised  somewhat  by  the  extension  through,  it  of 
the  coarse  top-set  layers  of  the  delta. 

The  marked  narrowing  of  the  valley  at  Boylston,  so  well  indicated 
on  the  map  by  the  flow  line  of  the  reservoir,  is  due  chiefly  to  a  broad 
and  well-preserved  remnant  of  the  Boylston  plain,  with  the  full  normal 
elevation  of  440  feet,  which  juts  into  the  valley  from  the  southward, 
terminating  on  the  northwest  in  a  well-marked  erosion  slope  rising 
abruptly  nearly  150  feet  above  the  river,  and  on  the  northeast  in  an 
irregular  but  typical  ice-contact  slope,  with  tributary  eskers,  overlook- 
ing the  Clinton  plains.  The  narrowing  of  the  valley  at  this  point  is 
due  in  part,  also,  to  the  protrusion  into  it  from  the  northward  of  the 
high  level  marginal  plain  of  the  early  Clinton  stage,  as  described  in 
the  preceding  paper.^ 

Above  this  constriction  we  find,  below  the  Boylston  level,  first,  the 
narrow  and  discontinuous  marginal  plains  or  terraces  of  the  Clinton 
level,  due  to  the  erosion  of  the  Boylston  plains  by  the  Nashua  River 
during  the  Clinton  stage,  when  the  base  level  was  controlled  by  the 
South  Dike  outlet ;  and  second,  the  flood  plains  of*  the  modern  Nashua, 
due  to  the  further  erosion  of  the  Boylston  deposits  during  the  time  that 
the  base  level  in  this  part  of  the  valley  has  been  determined  by  the 
ledge  of  slate  over  which  the  river  now  flows  at  Boylston. 

Below  the  constriction,  on  the  other  hand,  are  the  broad  deltas  of 
the  Clinton  stage,  divided  at  a  level  some  80  feet  lower  by  the  flood 
plains  of  the  modern  river,  due  to  the  erosion  of  the  Clinton  deposits 
during  the  time  that  the  base  level  in  this  part  of  the  valley  has  been 
determined  by  the  ledge  of  granite  forming  the  bed  of  the  river  at  the 
Lancaster  mills  in  Clinton. 

Immediately  below  Boylston  the  valley  widens  rapidly  where  it  inter- 
sects the  valleys  of  the  ancient  Wachusett  River  and  its  tributaries,^ 
and  this  intersection  of  the  ancient  and  modern  drainage  affords  a  ready 
explanation  at  once  of  the  exceptional  width  and  of  the  complexity  of 
this  part  of  the  valley,  in  which  the  Clinton  plains  are  developed  almost 
exclusively. 

As  the  map  so  clearly  shows,  the  Clinton  plains  terminate  on  the 
east  and  west  against  slopes  of  rock  and  till,  and  on  the  south  against 
the  ice-contact  slope  and  eskers  of   the  Boylston  plain.     Although  it 
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appears  impossible  to  escape  the  conclusion  that  the  earlier,  or  southern- 
part,  at  least,  of  the  Clinton  plain  was  formed  largely  of  material  de- 
rived by  the  rapid  fluvial  erosion  of  the  Boylston  plain,  we  find  along 
the  main  part  of  this  margin,  and  especially  at  the  base  of  the  best 
developed  portion  of  the  Boylston  plain,  a  well-marked  foss,  or  depres- 
sion, which  is,  however,  more  or  less  discontinuous,  consisting  of  a 
series  of  kettles  and  basins  clearly  indicative  of  buried  masses  of  ice 
rather  than  of  a  failure  of  the  Clinton  delta*  to  fill  its  basin  in  this 
direction,    and    testifying   to   the    promptness   with    which   deposition. 


Fig.  I.  —  View  of  the  Eastern  End  of  the  North  Dike  Plain,  Looking  North- 
west Across  the  Nashua  River  at  the  Great  Bend,  with 
Burdette  Hill  in  the  Right  Distance. 


chiefly  of   material  washed  by  the  river  from  the  Boylston  plain,  fol- 
lowed the  retreating  ice  margin. 

To  the  eastward,  between  the  former  site  of  South  Clinton  station 
and  the  South  Dike  outlet,  east  and  south  of  the  Nashua  River,  this 
plain  is  very  fragmentary,  much  complicated  by  the  eskers  of  the 
Boylston  stage, ^  and  attains  its  normal  elevation  for  only  a  small 
fraction  of  the  area.  But  west  of  the  river  this  earliest  section  of 
the  Clinton  plain  has  its  .principal  and  most  interesting  development. 
Southward  it  terminates  in  the  remarkably  abrupt  and  perfect  erosion 
scarp,  more  than  a  mile  in  length  and  70  to  80  feet  high,  overlooking 
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the  river,  and  northward  it  presents  a  very  normal  ice-contact  slope 
bordering  Cunningham  Brook  for  practically  its  entire  length,  while 
to  the  eastward  it  ends  in  a  quite  well-characterized  free  frontal  slope,, 
and  westward  it  abuts  against  the  higher  and  older  marginal  plain.  It 
is  thus  highly  differentiated  in  its  margins,  and  that  it  is  merely  a 
remnant,  the  head  of  a  plain  once  continuous  across  the  modern  valley 
of  the  river,  is  obvious.  This  delta  remnant,  more  than  a  mile  in 
length,  varies  in  breadth  from  about  1,000  feet  in  the  eastern  half  to 
fully  3,000  feet  in  the  western  half,  but  especially  in  this  broad  western 
portion  it  is  much  diversified  and  subdivided  by  kettles,  the  two  largest. 


Fig.  2.  —  View  on  the  North  Dike  Plain,  Looking  East  Across  Sandy  Pond 
Toward,  the  South  Dike  Outlet. 


one  east  and  one  west  of  the  old  road  from  Clinton  to  Boylston,  being 
indicated  on  the  map.  This  southernmost  original  section  or  member 
of  the  Clinton  plains,  now  so  widely  and  deeply  divided  by  the  Nashua 
River,  may  conveniently  be  designated  the  Nashua  plain. 

The  valley  of  Cunningham  Brook  is  throughout  virtually  a  foss. 
between  the  normally  steep  and  irregular  ice-contact  margin,  just  de- 
scribed, on  the  south,  and  a  normally  gentle  and  lobate  frontal  slope 
on  the  north.  Ascending  this  frontal  slope  we  find  ourselves  on  the 
extensive  section  of  the  Clinton  plain  traversed  from  end  to  end  by 
the  North  Dike  and  crossed  transversely  by  the  group  of  rock  ridges^ 
on  one  of   which  was  formerly  the   Catholic  cemetery.     This   North. 
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Dike  plain  is  the  largest  and,  geologically,  the  most  important  of  the 
Clinton  plains,  made  doubly  important  to  the  student  of  glacial  geology 
by  the  great  extent  to  which  it  has  been  dissected  by  boring  and  exca- 
vation. Its  length  is  measured  by  the  North  Dike,  and,  like  that,  it 
abuts  at  either  end  against  a  prominent  drumloid.  It  is  not  only 
crossed  midway  of  its  length  by  narrow  ridges  of  contorted  schist, 
but  it  is  nearly  divided  in  the  eastern  half  by  a  prominent  line  of 
kettles,  the  largest  of  which  holds  Sandy  Pond.  Still  farther  east, 
between  Sandy  Pond  and  the  Nashua  River  and  in  the  lee  of  Bur- 
dette  Hill,  the  plain  becomes  very  fragmentary,  and  is  finally  reduced 


Fig.  3. 


-View  on  the  North  Dike  Plain,  Looking  West  Toward  the  Promi- 
nent Drumloid  against  which  the  North  Dike  Terminates. 


to  a  maze  of  interlacing  kames  inclosing  numerous  kettles  and  irregular 
hollows.  Figure  i  is  a  somewhat  distant  view  of  this  area  looking 
northeasterly  across  the  great  bend  of  the  Nashua,  where  the  river 
finally  turns  to  the  northward  parallel  with  the  main  axis  of  the  valley. 
The  North  Dike  plain,  steadily  gaining  in  height  northward,  terminates 
in  that  direction  in  a  very  typical  ice-contact  slope,  diversified  by  kettles 
and  following  closely  the  southern  border  of  Coachlace  Pond.  The 
limits  here  defined  give  the  North  Dike  plain  an  extreme  length,  east- 
west,  of  a  little  over  two  miles,  and  a  maximum  breadth  between  the 
ice-contact  and  frontal  slopes  of  about  a  mile.  Figures  2,  3,  and  4  are 
general  \dews  across  the  North  Dike  plain  before  the  construction  of 
the  dike. 
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Coachlace  Pond,  like  Cunningham  Brook,  occupies  a  foss  between^ 
successive  segments  of  the  Clinton  delta.  The  plains  north  of  the 
pond,  although  almost  ideal  in  development,  are  much  less  extensive 
than  the  North  Dike  and  Nashua  plains,  and,  unlike  the  southern 
plains,  do  not  span  the  entire  breadth  of  the  valley. 

First  in  order  comes  the  Mossy  Pond  plain  in  the  southeastern 
angle  of  the  Boston  and  Maine  and  the  New  York,  New  Haven  and 
Hartford  Railroads.  It  is  divided  nearly  transversely  by  the  northern 
lobe  of  Coachlace  Pond,  known  as  Mossy  Pond — as  the  North  Dike 
plain  is  divided  by  Sandy  Pond  and  contiguous  kettles.     Notwithstand- 


FlG.    4.  —  BURDETTE    HiLL,    LOOKING    NoRTHEAST    FROM    THE    NoRTH    DiKE,    AND 

Showing  the  Straight  and  Sharply  Defined  Contact  of 
THE  Plain  and  the  Hill. 


ing  its  divided  form,  and  this  is  clearly  an  original  feature  due  to  kettle 
hole  development,  this  is  a  beautifully  perfect  and  normal  plain,  termi- 
nating southward  in  a  gentle  frontal  slope,  and  northward,  for  part  of 
its  length,  in  a  broken  ice  contact,  and  partially  surrounding  a  small 
drumlin  on  its  northwestern  border.  This  plain  is  almost  or  virtually 
continuous  across  the  New  Haven  Railroad,  with  the  singularly  perfect 
square  plain  nearly  three-fourths  of  a  mile  in  diameter  in  the  north- 
eastern  angle  of  the  two  railroads,  mainly  in  Clinton  and  partly  in 
Lancaster,  and  admirably  expressed  on  the  topographic  map.  This 
plain  — r  Lancaster  plain,  as  we  may  call  it  —  presents  ice-contact  slopes 
to  the  north  and  east,  but  the  frontal  slope,  as  noted,  merges  to  the 
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west  with  the  ice  contact  of  the  Mossy  Pond  plain,  and  the  foss  is  only 
partially  developed. 

No  trace  of  the  Clinton  delta  has  been  observed  north  of  this 
fourth  segment,  and  it  is  interesting  to  find  its  last  expression  so  ideal 
in  development.  We  cannot  escape  the  conclusion  that  north  of  the 
Lancaster  plain  the  retreat  of  the  ice  margin  was  too  continuous  and 
rapid  to  permit  the  development  of  mature  delta  plains  in  the  increas- 
ingly greater  depths  of  Lake  Nashua ;  but  it  is  equally  certain  that  up 
to  this  latitude  the  recession  was  intermittent,  with  three  and  probably 
four  halts  of  sufficient  length  to  allow  the  glacial  streams  to  extend 
their  united  deltas  across  the  basin,  the  maximum  development  being 
thus  approximately  realized  for  all  but  the  Mossy  Pond  delta.  It  thus 
appears  that  with  each  halt  of  the  ice  margin  the  lake  basin,  due  to 
recession  of  the  ice,  was  nearly  or  quite  obliterated  by  the  encroach- 
ment of  its  own  deposits. 

The  lines  of  halting  cannot  be  correlated  with  the  prelacustrine 
topography,  and  were  clearly  not  determined  by  the  configuration  of 
the  valley;  but  it  is  significant  that  throughout — and  more  and  more 
with  increasing  latitude  —  the  ice  continued  to  occupy  the  eastern  side 
of  the  valley  after  the  western  side  was  free,  with,  however,  conditions 
favorable  to  the  development  of  a  nearly  continuous  line  of  kettles  and 
basins  across  the  successive  deltas  along  the  most  probable  course  of 
the  buried  gorge  of  the  Nashua  River.^ 

The  extreme  range  in  latitude  of  the  Clinton  plains  is  nearly  four 
miles,  but  the  shore  of  this  stage  of  Lake  Nashua  can  be  identified 
at  some  points  where  no  important  deposit  was  made.  Thus,  Walnut 
Street  in  the  village  of  Clinton,  on  which  is  the  office  of  the  Metro- 
politan Water  Works,  occupies  a  natural  terrace  on  the  western  slope 
of  the  Cedar  Hill  drumloid  which  agrees  in  elevation  with  the  Clinton 
plains  and  is  clearly  a  beach  of  Lake  Nashua  formed  after  the  ice 
margin  had  receded  from  the  latitude  of  Clinton,  or  during  the  latter 
part  of  the  Clinton  stage.  No  attempt  has  been  made  to  trace  this 
vshore  farther  north,  but  it  should  be  possible,  apparently,  to  identify 
it  at  least  as  far  north  as  Harvard.  It  is  obvious,  however,  that  this 
record  of  the  glacial  lake  must  become  less  distinct  northward,  as  the 
lime  available  for  its  inscription  was  more  brief. 

Tributary  Eskers.  —  The  double  line  of   eskers   in  the  vicinity  of 
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South  Clinton  station  has  been  referred  to  the  Boylston  stage,^  and 
the  knob  of  coarse  gravel  rising  from  the  Nashua  plain  midway  of  the 
length  of  its  northern  erosion  scarp  is  best  regarded  as  a  buried  rem- 
nant of  still  another  esker  of  the  Boylston  stage.  The  only  well- 
characterized  esker  to  be  safely  correlated  with  the  Clinton  stage  or 
regarded  as  tributary  to  the  Clinton  plains  is  the  very  normal  example 
closely  bordering  the  west  bank  of  the  Nashua  River  for  one-fourth 
of  a  mile  immediately  south  of  the  Wachusett  Dam,  and  probably 
continued  in  the  double  line  of  esker  south  of  the  great  bend  of  the 


Fig.  5.  —  View  Looking  South  from  the  Western  End  of  the  Wachusett  Dam, 

Showing  the  Esker  Bordering  the  Nashua  River,  and  on  the  Right 

THE  Tumultuous  Eastern  End  of  the  North  Dike  Plain. 


river.  At  the  northern  end  this  esker  agrees  closely  in  height  with, 
and  is  covered  by  or  lost  in,  a  fragment  or  outlier  of  the  North  Dike 
plain  lying  against  the  southeastern  base  of  Burdette  Hill.  The  view 
southward  from  this  point  (Figure  5)  shows  the  esker  in  its  relations 
to  the  river  and  to  the  tumultuous  portion  of  the  North  Dike  plain 
previously  described.  This  view  is  almost  the  reverse  of  that  in 
Figure   i. 

In  this  connection,  also,  may  be  mentioned  the  wavering  line  of 
eskers  on  the  east  side  of  the  Nashua  Valley,  between  Ban  Hill  Pond 
and  Lancaster  Commons.     These  have  been  correlated  with  the  Bolton 
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station  outlet  of  the  Clinton  stage  and  the  adjacent  marginal  and  apron 
plains.^ 

Marginal  Slopes.  —  As  previously  explained,  the  marginal  slopes 
of  the  Clinton  plains  include  normal  examples  of  original  ice-contact 
and  frontal  slopes  and  secondary  erosion  slopes.  Both  types  of  original 
slopes  are  more  or  less  perfectly  developed  on  each  one  of  the  four 
successive  members  of  the  Clinton  series,  and  are  combined  to  form 
a  typical  foss  between  the  North  Dike  and  Nashua  plains.  (Figure  6.) 
To  the  westward  this  foss,  which  is  the  valley  but  not  the  product  of 


Fig.  6.  —  View  Looking  up  the  Foss  Valley  of  Cunningham  Brook,  with  the 

Ice-contact  Slope  of  the  Nashua  Plain  on  the  Left,  and  the  Frontal 

Slope  of  the  North  Dike  Plain  on  the  Right. 


Cunningham  Brook,  expands,  through  the  failure  of  the  North  Dike 
plain  to  attain  in  this  direction  the  possible  maximum  area,  into  a 
broad  meadow  comparable  in  its  geological  relations  to  the  basin  of 
Coachlace  Pond.  Eastward,  also,  Cunningham  Brook,  before  joining" 
the  Nashua,  flows  through  a  broad  and  deep  basin  floored  in  part  by 
granite  ledges  and  bowlder  clay,  but  clearly  due  in  this  instance,  as 
indicated  by  the  steep  slopes  to  the  north  and  west,  to  the  burial  and 
subsequent  melting  of  a  block  of  ice. 
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Erosion  slopes  find  their  only  striking  development  in  the  plains  of 
the  Clinton  series,  in  the  valley  from  2,000  to  3,000  feet  wide  which 
the  Nashua  River  has  cut  through  the  Nashua  plain  east  of  Boylston. 
These  erosion  scarps  (Figure  7)  are  ideal  in  their  steepness,  height, 
absolute  definition  above  and  below,  and  in  their  splendid  concave 
curves  and  salient  cusps,  with  abandoned  channels  of  the  river  at  the 
base  or  meandering  across  the  flood  plain. 

What  it  was  that  first  determined  the  course  of  the  Nashua  across 


Fig.  7., —  Erosion  Slope  of  the  Nashua  Plain  on  the  South  Side  of  the 
Nashua  River  East  of  Boylston. 


the  plain  below  Boylston  to  the  eastward  instead  of  the  northeast- 
ward along  the  line  of  great  kettles  we  can  only  conjecture,  but  a 
foss  similar  to  that  occupied  by  Cunningham  Brook  is,  perhaps,  the 
most  probable  suggestion;  and  we  may  readily  believe  that  a  control- 
ling factor  was  the  fact  that  all  the  Clinton  plains  either  become  very 
fragmentary  or  die  out  altogether  toward  the  east  side  of  the  valley. 
In  other  words,  on  the  final  withdrawal  of  the  waters  of  Lake  Nashua 
by  the  opening  of  the  outlet  at  Ayer,  the  river  simply  took  the  most 
direct  course  to  an  open  channel  at  a  low  level,  and  the  linear  series 
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of  kettles,  described  in  the  next  section,  evidently  lacked  the  continuity 
necessary  to  determine  the  choice  of  that  line. 

Kettles.  —  Kettle^,  or  depressions  due  to  the  melting  of  buried  or 
partially  buried  masses  of  ice,  are  a  feature  of  nearly  all  the  ice-contact 
margins,  and  their  entirely  normal  relations  make  them  of  rather  less 
interest  than  the  series  of  large,  longitudinal  kettles  and  basins  pre- 
viously referred  to  as  more  or  less  completely  dividing  in  a  north-south 
direction  all  but  the  Lancaster  plain.  This  series  is  most  strikingly 
developed  in  Mossy  Pond,  the  southern  lobe  of  Coachlace  Pond,  and 
Sandy  Pond  (Figure  8),  and  from  Sandy  Pond  a  practically  continuous 


Fig.  8.  —  ^andy  Pond  from  the  Northeast,  as  it  Appeared  Before  the 
Deforesting  of  the  North  Dike  Plain. 


line  of  large  kettles  (Figure  9)  extends  southwesterly  to  Cunningham 
Brook.  Three  of  these  kettles  are  deep  enough  to  hold  permanent 
kettle  ponds.  Across  the  northern  section  of  the  Nashua  plain  tp  its 
bold  erosion  scarp  the  principal  development  of  kettles  bears  still  more 
to  the  southwest  and  is,  perhaps,  less  continuous,  although  it  includes 
one  large  and  deep  example,  which  is  greatly  elongated  in  the  direction 
of  the  series,  and  also  finds  expression  in  the  370-foot  contour  on  the 
map. 

The  continuity  and  directness  of  this  line  to  Cunningham  Brook  is 
clearly  shown  on  the  map,  which  also  brings  out  clearly  the  fact,  pre- 
viously noted,  that  these  depressions  coincide  approximately  or  exactly 
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with  the  most  probable  course  of  the  buried  gorge  of  the  Nashua  River. 
This  relation  has  been  very  fully  demonstrated  for  the  territory  south 
of  the  Boston  and  Maine  Railroad  by  numerous  deep  borings,  and  its 
recognition  raises  one  of  the  most  interesting  questions  presented  by 
the  study  of  kettles ;  that  is,  the  mode  and  conditions  of  their  forma- 
tion. The  usual  conception  of  a  kettle  presupposes  a  residuary  block 
of  ice,  isolated  by  melting  (or  possibly  by  floating,  as  in  the  case  of  a 
stranded  berg),  resting  on  rock  or  ground  moraine,  covered  by  modi- 
fied drift,  and  subsequently  melted.  But  here  we  have  kettles  of  very 
typical  forms  and  widely  varying  sizes  which  are  not  floored  or  under- 


FiG.  9.  —  Kettle  Hole  in  the  North  Dike  Plain  Southwest  of  Sandy  Pond, 
WITH  THE  Cemetery  Ridge  in  the  Background. 


lain  by  rock  or  till,  but  by  sand  and  gravel  100  feet  or  more  in  thick- 
ness. This  fact,  together  with  the  complete  absence  of  till  from  the 
section,  makes  it,  apparently,  impossible  to  attribute  these  kettles  to 
the  burial  and  melting  of  truly  residuary  fragments  of  the  ice  sheet. 
The  further  discussion  of  this  question  may  best  be  reserved,  however, 
for  a  later  section  on  the  structures  of  the  deltas. 

The  basin  of  Sandy  Pond  is  the  largest  and  deepest  of  all  the 
kettles.  The  map  and  Figure  8  clearly  exhibit  its  features  above  its 
normal  water  level  (334  feet).  The  maximum  depth,  before  the  level 
was  lowered  during  the  construction  of  the  North  Dike,  was  66  feet, 
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the  elevation  of  the  bottom  being  268  feet.  It  is  interesting  to  note 
that  the  normal  water  level  of  Sandy  Pond  was  nearly  55  feet  above 
that  of  the  Nashua  River  only  a  little  more  than  a  quarter  of  a  mile 
to  the  southeast,  and  the  strip  of  the  North  Dike  plain  separating  the 
basin  of  the  pond  from  the  still  larger  basin  in  which  the  foss  valley 
of  Cunningham  Brook  terminates  is  so  narrow,  being  hardly  wider 
than  a  normal  esker,  as  to  permit  a  strong  outward  flow  of  the  water 
from  Sandy  Pond.  This  leakage  gave  rise  to  a  brook  which,  although 
only  a  quarter  of  a  mile  long,  often  exceeded  Cunningham  Brook  ia 
the  volume  of  water  delivered  to  the  river. 

{To  be  continued.) 


The  Metallurgy  of  Lead.  255 


THE  METALLURGY  OF  LEAD} 

By   H.    O.    HOFMAN. 

In  the  last  twenty  years  of  the  nineteenth  century  the  lead-smelting 
industry  underwent  important  changes.  Most  of  these  were  the  result 
of  new  conditions  arising  in  the  United  States,  where  the  treatment 
of  the  ores  is  carried  out,  not  in  small  works  near  the  mines,  but  in 
large,  centrally-situated  smelting  plants,  to  which  the  ores  are  shipped 
from  various  mining  regions.  As  the  competition  is  considerable  all 
the  details  of  work  have  been  greatly  improved,  the  cost  reduced,  and 
the  yield  increased.  Lead  ores  are  smelted  in  the  reverberatory  fur- 
nace, the  ore  hearth,  and  the  blast  furnace.  The  use  of  the  first  two 
is  restricted,  as  they  are  suited  only  for  galena  ores  (the  more  com- 
mon), or  mixtures  of  galena  and  carbonate,  which  contain  not  less  than 
58  per  cent,  of  lead  and  not  more  than  4  per  cent,  of  silica;  further, 
ores  to  be  treated  in  the  ore  hearth  should  run  low  in  or  be  free  from 
silver,  as  the  loss  in  the  fumes  is  excessive.  In  the  blast  furnace  all 
lead  ores  are  successfully  smelted.  Blast-furnace  treatment  has,  there- 
fore, become  more  general  than  any  other. 

To  the  two  methods  of  working  in  the  reverberatory  furnace,  repre- 
sented by  the  English  and  Carinthian  furnaces  (described  in  Encyclo- 
pcedia  Britannica^  Vol.  XIV,  p.  37s),  a  third,  the  Silesian,  must  be 
added.  While  by  the  former  processes  as  much  lead  as  possible  is 
extracted  in  the  furnace,  with  the  Silesian  method  a  very  low  temper- 
ature is  used,  thus  taking  out  about  one-half  of  the  lead  and  leaving 
very  rich  slags  (50  per  cent,  lead)  to  be  smelted  in  the  blast  furnace, 
the  ultimate  result  being  a  very  much  higher  yield  than  by  either  of  the 
other  processes.  The  Silesian  furnace  has  an  oblong  hearth,  16  feet 
by  8  feet  10  inches,  sloping  from  the  fire  bridge  to  the  flue  bridge. 
This   causes  the  lead   to  collect   at   the   coolest   part  of  the  hearth, 


1  Reprinted,  by  permission, of  the  publiahers,  from  the. article  on  Lead,  by  Prof.  H.  O. 
Hofman,  in  the  new  volumes  of  the  Encyclopteiiia  Britannica^  copyright  1902,  by  the  Ency- 
clopaedia Britannica  Company. 
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whence  it  is  tapped,  etc.,  as  in  the  English  furnace.  A  charge  of 
6,180  pounds  of  galena  ore  (70  per  cent,  lead)  is  worked  in  twelve 
hours  by  three  men,  0.46  ton  of  coal  being  consumed  per  ton  of  ore 
charged.  The  loss  in  lead  by  the  combined  reverberatory  and  blast- 
furnace treatment  is  only  3.2  per  cent. 

In  the  hearth  process  the  blocks  of  cast  iron  forming  the  sides  and 
back  of  the  Scottish  furnace  (see  Encyclopcedia  Britattnica,  Vol.  XIV, 
p.  375)  are  now  generally  replaced  in  the  United  States  by  water- 
cooled  shells  (water  jackets)  of  cast  iron.  In  this  way  continuous 
working  has  been  rendered  possible,  whereas  formerly  operations  had 
to  be  stopped  every  twelve  or  fifteen  hours  to  allow  the  over-heated 
blocks  and  furnace  to  cool  down.  The  latest  improvement  (which 
somewhat  changes  the  mode  of  working)  is  that  by  Moffett.  While 
he  also  prevents  interruption  of  the  operation  by  means  of  water 
jackets,  he  uses  hot  blast,  and  produces,  besides  metallic  lead,  large 
volumes  of  lead  fumes,  which  are  drawn  off  by  fans  through  long 
cooling  tubes,  and  then  forced  through  suspended  bags  which  filter- 
off  the  dust,  called  blue  powder.  This,  a  mixture  of  lead  sulphate 
(45  per  cent.)  and  oxide  (44  per  cent.),  with  some  sulphide  (8  per 
cent.),  zinc,  and  carbonaceous  matter,  is  agglomerated  by  a  heap-roast, 
and  then  smelted  in  a  slag-eye  furnace  with  gray  slag  from  the  ore 
hearth.  The  furnace  has,  however,  in  addition  te  the  usual  tuyeres 
near  the  bottom,  a  second  set  near  the  throat,  in  order  to  effect  a 
complete  oxidation  of  all  combustible  matter.  Much  fume  is  thus 
produced.  This  is  drawn  off,  cooled,  and  filtered,  and  forms  a  white 
paint  of  good  body,  consisting  of  about  65  per  cent,  lead  sulphate, 
26  per  cent,  lead  oxide,  6  per  cent,  zinc  oxide,  and  3  per  cent,  other 
substance.  Thus,  in  the  Moffett  method,  it  is  no  matter  whether 
metal  or  fume  is  produced,  as  in  either  case  it  is  saved  and  the  price 
is  about  the  same. 

In  smelting  at  once  in  the  same  blast  furnace  ores  of  different 
character,  the  old  use  of  separate  processes  of  precipitation,  roasting 
and  reduction,  and  general  reduction  prevailing  in  the  Harz  Moun- 
tains (see  Encyclopedia  Britannica^  Vol.  XIV,  p.  376),  Freiberg,  and 
other  places,  to  suit  local  conditions,  has  had  to  be  abandoned.  Ores 
are  smelted  raw  if  the  fall  of  matte  (metallic  sulphide)  does  not  exceed 
5  per  cent.;  otherwise  they  are  subjected  to  a  preliminary  oxidizing 
roast  to  expel  the  sulphur,  unless  they  run  too  high  in  silver,  say  100 
ounces  to  the  ton,  when  they  are  smelted  raw.     The  leading  reverber- 
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atory  furnace  for  roasting  lead-bearing  sulphide  ores  has  a  level  hearth 
14-16  feet  wide  and  60-80  feet  long.  It  puts  through  9-12  tons  of 
ore  in  twenty-four  hours,  reducing  the  percentage  of  sulphur  to  2-4 
per  cent.,  and  requires  four  to  six  men  and  about  two  tons  of  coal. 
In  many  instances  it  has  been  replaced  by  mechanical  furnaces,  which 
are  now  very  common  in  roasting  sulphide  copper  ores.  (See  Acid 
and  Alkali  Manufacture.)  A  modern  blast  furnace  is  oblong  in  hori- 
zontal section,. and  about  24  feet  high  from  furnace  floor  to  feed  floor. 
The  shaft,  resting  upon  arches  supported  by  four  cast-iron  columns 
about  9  feet  high,  is  usually  of  brick  —  red  brick  on  the  outside, 
fire  brick  on  the  inside ;  sometimes  it  is  made  of  wrought-iron  water 
jackets.  The  smelting  zone  always  has  a  bosh  and  a  contracted  tuyire 
section.  It  is  enclosed  by  water  jackets,  which  are  usually  cast  iron, 
sometimes  mild  steel.  The  hearth  always  has  an  Arents  siphon  tap. 
This  is  an  inclined  channel  running  through  the  side-wall,  beginning 
near  the  bottom  of  the  crucible  and  ending  at  the  top  of  the  hearth, 
where  it  is  enlarged  into  a  basin.  The  crucible  and  the  channel  form 
the  two  limbs  of  an  inverted  siphon.  While  the  furnace  is  running, 
the  crucible  and  channel  remain  filled  with  lead ;  all  the  lead  reduced 
to  the  metallic  state  in  smelting  collects  in  the  crucible,  and  rising  in 
the  channel  overflows  into  the  basin,  whence  it  is  removed.  The  slag 
and  matte  formed  float  upon  the  lead  in  the  crucible  and  are  tapped, 
usually  together,  at  intervals  into  slag-pots,  where  the  heavy  matte 
settles  on  the  bottom  and  the  light  slag  on  the  top.  When  cold  they 
are  readily  separated  by  a  blow  from  a  hammer.  The  following  table 
gives  the  dimensions  of  some  well-known  American  lead  furnaces : 


Locality. 


Lead  BLAST-FuRNAcr. 


Year. 


Tuyere  Section. 


Height 
TuvfeKE  TO  Throat. 


1 

Inches. 

Feet. 

Leadville,  Colorado 

1880 

33  X  84 

14 

Denver, 

1880 

36x100 

17 

Durango,          " 

1882 

36  X  96 

i2.e 

Denver,            " 

1892 

42  X  100 

16 

Leadville. 

1892 

42  X  120 

18 

Salt  Lake  City,  Utah 

1895 

45  X  140 

20 
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A  furnace  42  by  120  inches  at  the  tuyeres,  with  a  working  height 
of  17-20  feet,  with  twelve  men,  using  12  per  cent,  of  coke  and  two- 
pound  blast  pressure,  will  put  through  in  twenty-four  hours  85-100 
tons  average  charge,  i.e,^  one  that  is  medium  coarse,  which  contains 
12-15  P^r  cent,  lead,  not  over  5  per  cent,  zinc,  and  makes  under  5 
per  cent,  matte.  In  making  up  a  charge  the  ores  and  fluxes  whose 
chemical  compositions  have  been  determined  are  mixed  so  as  to  form 
typical  slags  out  of  the  components  not  to  be  reduced  ,to  the  metallic 
or  sulphide  state  (silicates  of  ferrous  and  calcic  oxides,  incidentally 
of  aluminium  oxide,  which  have  been  found  to  do  successful  work). 
Such  slags  contain  SiOg  30-33  per  cent.,  Fe(Mn)0  27-50  per  cent., 
Ca(Mg,  Ba)0  12-28  per  cent.,  and  retain  less  than  i  per  cent,  lead 
and  I  ounce  silver  to  the  ton.  The  leading  products  of  the  blast 
furnace  are  argentiferous  lead  (base  bullion),  matte,  slag,  and  flue 
dust  (fine  particles  of  charge  and  volatilized  metal  carried  out  of  the 
furnace  by  the  ascending  gas  current).  The  base  bullion  (assaying 
300  ±  ounces  per  ton)  is  desilverized  (see  below) ;  the  matte  (Pb  8-12 
per  cent.,  Cu  3-4  per  cent.,  Ag  \-\  of  the  assay  value  of  the  base 
bullion,  rest  Fe  and  S)  is  roasted  and  resmelted,  when  part  of  the 
argentiferous  lead  is  recovered  as  base  bullion,  while  the  rest  remains 
with  the  copper,  which  becomes  concentrated  in  a  copper  matte  (60 
per  cent,  copper),  to  be  worked  up  by  separate  processes  (see  Cop- 
per). The  slag  is  a  waste  product,  and  the  flue  dust,  collected  by 
special  devises  in  dust  chambers,  is  briquetted  by  machinery,  with 
lime  as  a  bond,  and  then  resmelted  with  the  ore  charge.  The  yield 
in  lead  is  over  90  per  cent.,  in  silver  over  97  per  cent.,  and  in  gold 
100  per  cent.  The  cost  of  smelting  a  ton  of  ore  in  Colorado  in 
a  single  furnace  42  by  120  inches  at  the  tuyeres  is  about  three 
dollars. 

Refining.  —  The  lead  produced  in  the  reverberatory  furnace  and 
the  ore  hearth  is  of  a  higher  grade  than  that  produced  in  the  blast 
furnace,  as  the  ores  treated  are  purer  and  richer,  and  the  reducing 
action  is  less  powerful.  The  following  analysis  of  blast  furnace  lead 
of  Freiberg,  Saxony,  is  from  an  exceptionally  impure  lead:  Pb  95.088, 
Ag  0.470,  Bi  0.019,  Cu  0.225,  As  1.826,  Sb  0.958,  Sn  1.354,  Fe  0.007, 
Zn  0.002,  S  0.051.  Of  the  impurities  most  of  the  copper,  nickel  and 
copper,  considerable  arsenic,  some  antimony,  and  small  amounts  of  sil- 
ver, are  removed  by  liquation.  The  lead  is  melted  down  slowly,  when 
the  impurities  separate  in  the  form  of  a  scum  (dross)  which  is  easily 
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removed.  The  purification  by  liquation  is  assisted  by  poling  the  lead 
when  it  is  below  redness.  A  stick  of  green  wood  is  forced  into  it, 
and  the  vapors  and  gases  set  free  stir  it  up  and  expose  new  surfaces 
to  the  air,  which  at  this  temperature  has  only  a  mildly  oxidizing  effect. 
The  pole,  the  use  of  which  is  awkward,  has  been  replaced  by  dry 
steam,  which  has  a  similar  effect.  In  order  to  remove  tin,  arsenic, 
and  antimony,  the  lead  has  to  be  brought  up  to  a  bright  red  heat, 
when  the  air  has  a  strongly  oxidizing  effect.  Tin  is  removed  mainly 
as  a  powdery  mixture  of  stannate  of  lead  and  lead  oxide ;  arsenic  and 
antimony,  as  a  slagged  mixture  of  lead  oxide  and  arsenate  and  anti- 
monate  of  lead.  They  are  readily  withdrawn  from  the  surface  of  the 
lead  and  are  worked  up  into  antimony  (arsenic),  tin-lead,  and  anti- 
mony-lead alloys.  Liquation,  if  not  followed  by  poling,  is  carried  on 
as  a  rule  in  a  reverberatory  furnace  with  an  oblong,  slightly  trough- 
shaped  inclined  hearth ;  if  the  lead  is  to  be  poled  it  is  usually  melted 
down  in  a  cast-iron  kettle.  If  the  lead  is  to  be  liquated  and  then 
brought  to  a  bright  red  heat,  both  operations,  for  convenience*  sake, 
are  carried  on  in  the  same  reverberatory  furnace.  This  has  an  oblong, 
dish-shaped  hearth  of  acid  or  basic  fire  brick  built  into  a  wrought-iron 
pan,  which  rests  on  transverse  rails  supported  by  longitudinal  walls. 
The  lead  is  melted  down  at  a  low  temperature  and  drossed.  The 
temperature  is  then  raised,  and  the  scum  which  forms  on  the  sur- 
face is  withdrawn  until  pure  litharge  forms,  which  only  takes  place 
after  all  the  tin,  arsenic,  and  antimony  have  been  eliminated. 

Desilverizing,  —  Silver  is  extracted  from  lead  by  means  of  the  pro- 
cess of  cupellation  (see  Encyclopadia  Britannica^  Vol.  XIV,  p.  376). 
Formerly  all  argentiferous  lead  had  to  be  cupelled,  and  the  resulting 
litharge  then  reduced  to  metallic  lead.  In  1833  Pattinson  invented  his 
process  (ibid,^  p.  377)  by  means  of  which  practically  all  the  silver  is 
concentrated  in  13  per  cent,  of  the  original  lead  to  be  cupelled,  while 
the  rest  becomes  market  lead.  In  1842  Karsten  {Joe.  cit,)  discovered 
that  lead  could  be  desilverized  by  means  of  zinc.  His  invention,  how- 
ever, only  took  practical  form  in  1850-2,  through  the  researches  of 
Parkes,  who  showed  how  the  zinc-silver-lead  alloy  formed  could  be 
worked  and  the  desilverized  lead  freed  from  the  zinc  it  had  taken  up. 
In  the  Parkes  process  only  5  per  cent,  of  the  original  lead  need  be 
cupelled.  Thus,  while  cupellation  still  furnishes  the  only  means  for 
the  final  separation  of  lead  and  silver,  it  has  become  an  auxiliary  pro- 
cess to  the  two  methods  of  concentration  given.     Of  these  the  Pattin- 
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son  process  has  become  subordinate  to  the  Parkes  process,  as  it  is 
more  expensive  and  leaves  more  silver  and  impurities  in  the  market 
lead.  It  holds  its  own,  however,  when  base  bulUon  contains  bismuth 
in  appreciable  amounts,  as  in  the  Pattinson  process  bismuth  follows  the 
lead  to  be  cupelled,  while  in  the  Parkes  process  it  remains  with  the 
desilverized  lead  which  goes  to  market,  and  lead  of  commerce  should 
contain  little  bismuth.  At  Freiberg,  Saxony,  the  two  processes  have 
been  combined.  The  base  bullion  is  imperfectly  Pattinsonized,  gi\dng 
lead  rich  in  silver  and  bismuth,  which  is  cupelled,  and  lead  low  in 
silver,  and  especially  so  in  bismuth,  which  is  further  desilverized  by 
the  Parkes  process. 

The  effect  of  the  two  processes  on  the  purity  of  the  market  lead 
is  clearly  shown  by  the  two  following  analyses  by  Hampe,  which  rep- 
resent lead  from  Lautenthal,  in  the  Harz  Mountains,  where  the  Parkes 
process  replaced  that  of  Pattinson,  the  ores  and  smelting  process  re- 
maining practically  the  same : 


Process. 

Pb. 

Cu. 

Sb. 

As.             Bi. 

Ag. 

Fe. 

Zn. 

Ni. 

Pattinson 
Parkes 

99.960200 
99.983139 

0.015000 
0.001413 

0.010000 
0.006608 

none    i  0.000600 
none    j  O.0OM87 

0.002200 

0.000160 

• 

0.004000 
0.002289 

0.001000 
0.000634 

0.001000 
0.000680 

Cupelling. — The  reverberatory  furnace  commonly  used  for  cupelling 
goes  by  the  name  of  the  English  cupelling  furnace.  It  is  oblong,  and 
has  a  fixed  roof  and  a  movable  iron  hearth  (test).  Formerly  the  test 
was  lined  with  bone  ash;  at  present  the  hearth  material  is  a  mixture 
of  crushed  limestone  and  clay  (3:1),  or  Portland  cement,  either  alone 
or  mixed  with  crushed  fire  brick;  in  a  few  instances  the  lining  has 
been  made  of  burnt  magnesite.  In  the  beginning  of  the  operation 
enough  argentiferous  lead  is  charged  to  fill  the  cavity  of  the  test. 
After  it  has  been  melted  down  and  brought  to  a  red  heat,  the  blast, 
admitted  at  the  back,  oxidizes  the  lead  and  drives  the  htharge  formed 
towards  the  front,  where  it  is  run  off.  At  the  same  time  small  bars 
of  argentiferous  lead,  inserted  at  the  back,  are  slowly  pushed  forward, 
so  that  in  melting  down  they  may  replace  the  oxidized  lead.  Thus 
the  level  of  the  lead  is  kept  approximately  constant,  and  the  silver 
becomes  concentrated  in  the  lead.  In  large  works  the  silver-lead  alloy 
is  removed  when  it  contains  60-80  per  cent,  silver,  and  the  cupella- 
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tion  of  the  rich  bullion  from  several  concentration  furnaces  is  finished 
in  a  second  furnace.  At  the  same  time  the  silver  is  brought  to  the 
required  degree  of  fineness,  usually  by  the  use  of  nitre.  In  small 
works  the  cupellation  is  finished  in  one  furnace,  and  the  resulting  low- 
grade  silver  fined  in  a  plumbago  crucible,  either  by  overheating  in  the 
presence  of  air,  or  by  the  addition  of  silver  sulphate  to  the  melted 
silver,  when  air  or  sulphur  trioxide  and  oxygen  oxidize  the  impurities. 
The  lead  charged  contains  about  1.5  per  cent,  of  silver  if  it  comes  from 
a  Pattinson  plant,  from  5-10  per  cent,  if  from  a  Parkes  plant.  In  a 
test  7  feet  by  4  f^et  10  inches,  and  4  inches  deep,  about  6  tons  of 
lead  are  cupelled  in  twenty-four  hours.  A  furnace  is  served  by  three 
men,  working  in  eight-hour  shifts,  and  requires  about  two  tons  of  coal, 
which  corresponds  to  about  no  gallons  reduced  oil,  air  being  used  as 
atomizer.  The  loss  in  lead  is  about  5  per  cent.  The  latest  cupelling- 
furnaces  have  the  general  form  of  a  reverberatory  copper-smelting  fur- 
nace. The  working  door  through  which  the  litharge  is  run  off  lies 
under  the  flue  which  carries  off  the  products  of  combustion  and  the 
lead  fumes;  the  lead  is  charged  and  the  blast  is  admitted  near  the  fire 
bridge. 

Pattinson  Process,  —  In  the  Pattinson  process  the  argentiferous  lead 
is  melted  down  in  the  central  cast-iron  kettle  of  a  series  of  8-15, 
placed  one  next  to  the  other,  each  having  a  capacity  of  9-15  tons  and 
a  separate  fireplace.  The  crystals  of  impoverished  lead  which  fall  to 
the  bottom  upon  coaling  the  charge  are  taken  out  with  a  skimmer  and 
discharged  into  the  neighboring  kettle  (say  to  the  right)  until  about 
two-thirds  of  the  original  charge  has  been  removed,  then  the  liquid, 
enriched  lead  is  ladled  into  the  kettle  on  the  opposite  side.  To  the 
kettle,  two-thirds  full  of  crystals  of  lead,  is  now  added  lead  of  the  same 
tenor  in  silver,  the  whole  is  liquidified,  and  the  cooling,  crystallizing, 
skimming,  and  ladling  are  repeated.  The  same  is  done  with  the  kettle 
one-third  filled  with  liquid  lead,  and  so  on  until  the  first  kettle  con- 
tains market  lead,  the  last  cupelling  lead.  The  intervening  kettles 
contain  leads  with  silver  contents  ranging  from  above  market  ta 
below  cupelling  lead.  The  original  Pattinson  process  has  been  in 
many  cases  replaced  by  the  Luce-Rozan  process  (1870),  which  does 
away  with  arduous  labor  and  attains  a  more  satisfactory  crystalliza- 
tion. The  plant  consists  of  two  tilting  oval  metal  pans  (capacity  7 
tons),  one  cylindrical  crystalling  pot  (capacity  22  tons),  with  two  dis- 
charging spouts,  and  one  steam-inlet  opening,  two  lead  molds  (capacity 
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l\  tons),  and  a  steam  crane.  Pans  and  pot  are  heated  from  separate 
fireplaces.  Supposing  the  pot  to  be  filled  with  melted .  lead  to  be 
treated,  the  fire  is  withdrawn  beneath  and  steam  introduced.  This 
cools  and  stirs  the  lead,  when  crystals  begin  to  form.  As  soon  as 
two-thirds  of  the  lead  has  separated  out  in  the  form  of  crystals  the 
steam  is  shut  off  and  the  liquid  lead  drained  off  through  the  two 
spouts  into  the  molds.  The  fire  imderneath  the  pot  is  again  started, 
the  crystals  are  liquidified,  and  one  of  the  two  pans,  filled  with  melted 
lead,  is  tilted  by  means  of  the  crane  and  its  contents  poured  into 
the  pot.  In  the  meantime  the  lead  in  the  molds,  which  has  solidi- 
fied, is  removed  with  the  crane  and  stacked  to  one  side  until  its  turn 
comes  to  be  raised  and  charged  into  one  of  the  pans.  The  crystal- 
lization proper  lasts  one  hour,  the  working  of  a  charge  four  hours, 
six  charges  being  run  in  twenty-four  hours. 

Parkes  Process,  —  It  is  absolutely  necessary  for  the  success  of  the 
Parkes  process  that  the  zinc  and  lead  should  contain  only  a  small 
amount  of  impurity.  The  spelter  used  must,  therefore,  be  of  a  good 
grade,  and  the  lead  is  usually  first  refined  in  a  reverberatory  furnace 
(the  softening  furnace)  as  described  above.  The  capacity  of  the  fur- 
nace must  be  10  per  cent,  greater  than  that  of  the  kettle  into  which 
the  softened  lead  is  tapped,  as  the  dross  and  skimmings  formed  amount 
to  about  lo  per  cent,  of  the  weight  of  the  lead  charged.  The  kettle 
is  spherical,  and  is  suspended  over  a  fireplace  by  a  broad  rim  resting 
on  a  wall;  it  is  usually  of  cast  iron.  Most  kettles  at  present  hold 
30  tons  of  lead;  some,  however,  have  double  that  capacity.  When 
zinc  is  placed  on  the  lead  (heated  to  above  the  melting  point  of  zinc), 
liquidified,  and  brought  into  intimate  contact  with  the  lead  by  stirring, 
then  gold,  copper,  silver,  and  lead  will  combine  with  the  zinc  in  the 
order  given.  By  beginning  with  only  a  small  amount  of  zinc  all  the 
gold  and  copper,  and  some  silver  and  lead,  will  be  alloyed  with  the  zinc 
to  a  so-called  gold  or  copper  crust,  and  the  residual  lead  will  be  satu- 
rated with  zinc.  By  removing  from  the  surface  of  the  lead  this  first 
crust  and  working  it  up  separately  (liquating,  retorting,  and  cupelling), 
dor6  silver  is  obtained.  By  the  second  addition  of  zinc  most  of  the 
silver  will  be  collected  in  a  saturated  zinc-silver-lead  crust,  which,  when 
worked  up,  gives  fine  silver.  A  third  addition  becomes  necessary  to 
remove  the  rest  of  the  silver  when  the  lead  will  assay  only  o.i  ounce 
silver  per  ton.  As  this  complete  desilverization  is  only  possible  by 
the  use  of  an  excess  of  zinc,  the  unsaturated  zinc-silver-lead  alloy  is 
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put  aside  to  form  port  of  the  second  zincing  of  the  next  following 
charge.  In  skimming  the  crust  from  the  surface  of  the  lead  some 
unalloyed  lead  is  also  drawn  off  and  has  to  be  separated  by  an  addi- 
tional operation  (liquation) ;  as,  running  lower  in  silver  than  the  crust, 
it  would  otherwise  reduce  its  silver  content  and  increase  the  amount 
of  lead  to  be  cupelled.  A  zincing  takes  5-6  hours;  1.5-2.5  per 
cent,  of  zinc  is  required  for  desilverizing.  The  liquated  zinc-silver- 
lead  crust  contains  5-10  per  cent,  of  silver,  30-40  per  cent,  zinc,  and 
65-50  per  cent.  lead.  Before  it  can  be  cupelled  it  has  to  be  freed 
from  most  of  the  zinc,  which  is  accomplished  by  distilling  in  a  retort 
made  of  a  mixture  similar  to  that  of  the  plumbago  crucible.  The 
retort  is  pear-shaped,  and  holds  1,000-1,500  pounds  of  charge,  con- 
sisting of  liquated  crust  mixed  with  1-3  per  cent,  of  charcoal.  The 
condenser  commonly  used  is  an  old  retort.  The  distillation  of  1,000 
pounds  charge  lasts  5-6  hours,  requires  500-600  pounds  of  coke,  or 
30  ±  gallons  of  reduced  oil,  and  yields  about  10  per  cent,  metallic 
zinc,  and  i  per  cent,  blue  powder,  a  mixture  of  finely  divided  metallic 
zinc  and  zinc  oxide.  About  60  per  cent,  of  the  zinc  used  in  desil- 
verizing is  recovered  in  a  form  to  be  used  again.  One  man  serves 
2-4  retorts.  The  desilverized  lead,  which  retains  0.6-0.7  per  cent, 
of  zinc,  has  to  be  refined  before  it  is  suited  for  industrial  use.  The 
operation  is  carried  on  in  a  reverberatory  furnace  or  in  a  kettle. 
In  the  reverberatory  furnace,  similar  to  the  one  used  in  softening, 
the  lead  is  brought  to  a  bright  red  heat  and  air  allowed  to  have  free 
access.  The  zinc  and  some  lead  are  oxidized ;  part  of  the  zinc  passes 
off  with  the  fumes,  part  is  dissolved  by  the  litharge,  forming  a  melted 
mixture  which  is  skimmed  off  and  reduced  in  a  blast  furnace  or  a 
reverberatory  smelting  furnace.  In  the  kettle  covered  with  a  hood 
the  zinc  is  oxidized  by  means  of  dry  steam,  and  incidentally  some 
lead  by  the  air  which  cannot  be  completely  excluded.  A  yellowish 
powdery  mixture  of  zinc  and  lead  oxides  collects  on  the  lead;  it  is 
skimmed  off  and  sold  as  paint.  From  the  reverberatory  furnace  or 
the  kettle  the  refined  lead  is  siphoned  off  into  a  storage  (market) 
kettle  after  it  has  cooled  somewhat,  and  from  this  it  is  siphoned  off 
into  molds,  placed  in  a  semicircle  on  the  floor.  In  the  process  the 
yield  in  metal,  based  upon  the  charge  in  the  kettle,  is  lead,  99  per 
cent.;  silver,  100+  per  cent.;  gold,  98-100  per  cent.  The  plus  silver 
is  due  to  the  fact  that  in  assaying  the  base  bullion  by  cupellation  the 
silver  lost  by  volatilization  and  cupel  absorption  is  neglected.     In  the 
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United  States  the  cost  of  desilverizing  a  ton  of  base  bullion  is  about 
.six  dollars. 

Statistics.  The  worid's  production  of  lead  in  1899  was,  accord- 
ing to  The  Mineral  Industry  (1900,  p.  431),  803,273  metric  tons, 
viz.:  Austria,  9,736;  Belgium,  15,700;  Canada,  9,917;  Chile,  171; 
France,  15,981;  Germany,  129,225;  Greece,  19,059;  Hungary,  2,166; 
Italy,  20,543;  Japan,  1,989;  Mexico,  84,656;  New  South  Wales,  70,000; 
Russia,  250;  Spain,  184,007;  Sweden,,  1,606;  United  Kingdom,  41,500; 
.United  States,  196,938. 
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THE   METALLURGY  OF  SILVER} 

By   H.    O.   HOFMAN. 

From  the  metallurgical  point  of  view  silver  ores  may  be  classified 
as  real  silver  ores  and  argentiferous  ores.  The  former  consist  of  silver 
minerals  and  gangue  (vein  matter,  country  rock).  The  leading  silver 
minerals  are  native  silver,  Ag;  cerargyrite,  AgCl;  argentite,  AggS; 
proustite,  sAggS  +  AsgSg  ;  pyrargyrite,  sAggS  +  Sb^Sg  ;  polybasite, 
9Ag2S  +  AsgSg,  and  stephanite,  5 AggS  +  SbgSg.  The  silver  is  com- 
monly recovered  by  milling,  /.^.,  amalgamation  or  lixiviation.  Argen- 
tiferous ores  consist  of  silver-bearing  base  metal  minerals  and  ganguie. 
Lead  and  copper  ores,  carrying  silver  in  some  form  or  other,  are  the 
leading  representatives.  The  silver  is  extracted  from  the  gangue  with 
the  base  metal,  usually  by  smelting,  and  the  two  are  then  separated  by 
special  processes  (see  Lead,  Copper).  Milling  is  cheaper  than  smelt- 
ing, but  the  yield  in  silver  is  lower.  Often  it  is  more  profitable  to 
smelt  real  silver  ores  with  argentiferous  ores  than  to  mill  them,  the 
greater  cost  being  more  than  balanced  by  the  increased  yield.  Milling 
is  practised  mainly  in  isolated  localities  near  the  mine  producing  the 
ore.  As  any  given  region  is  opened  up  by  railways,  cheapening  trans- 
portation, milling  is  apt  to  give  way  to  smelting.  Thus,  on  the  Ameri- 
can continent,  which  produces  the  bulk  of  the  world's  silver,  milling 
is  still  prominent  in  South  America  and  Mexico,  while  in  the  United 
States  it  has,  to  a  considerable  extent,  been  replaced  by  smelting. 

Amalgamation  is  based  on  the  property  of  quicksilver  to  extract 
the  silver  from  finely  pulverized  ore  and  collect  it  in  the  form  of  an 
amalgam.  When  the  rock  has  been  separated  from  the  amalgam  by 
a  washing  operation,  the  quicksilver  is  recovered  by  distillation  in  an 
iron  retort,  and  the  remaining  crude  retort  silver  melted  into  bars  and 
shipped  to  a  refinery,  which  removes  the  impurities,  the  leading  one  of 


^  Reprinted,  by  permission  of  the  publishers,  from  the  article  on  Silver,  by  Prof.  H.  O. 
Hofman,  in  the  new  volumes  of  the  Eftcycloptsdia  Britannica,  copyright  1902,  by  the  Ency- 
clopaedia Britannica  Company. 
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which  is  copper.  A  silver  ore  is  either  free  milling  or  refractory ;  that 
is,  the  silver  mineral  is  readily  amalgamated  or  it  is  not.  In  free- 
milling  ore  the  silver  is  present  either  in  the  native  state,  or  as  chlo- 
ride, or  as  simple  sulphide.  Complex  silver  minerals  (sulph-arsenides 
and  antimonides)  which  are  difficult  to  amalgamate  must  be  made 
amenable  to  quicksilver,  and  the  simplest  way  of  doing  this  is  to  con- 
vert the  silver  into  chloride.  This  is  imperfectly  accomplished^  in  the 
wet  way,  by  cupric  and  cuprous  chloride  solutions,  but  completely  so, 
in  the  dry  way,  by  roasting  with  salt  (chlorodizing  roasting).  Accord- 
ing as  a  preliminary  chlorodizing  roast  has  or  has  not  been  given,  the 
process  is  classed  as  roast  amalgamation  or  raw  amalgamation.  The 
leading  raw  amalgamation  processes  are  the  Patio  and  the  Washoe; 
then  follow  the  Cazo,  Fondon,  and  Krohnke.  Of  the  roast  amalga- 
mation processes  the  European  Barrel  or  Freiberg,  the  Reese  River, 
and  the  Francke-Tina  are  the  most  important. 

The  Patio  process  (for  an  outline  of  which  see  Encyclopcsdia  Bri- 
tannica^WoX,  XXII,  p.  70)  is, carried  out  principally  in  Mexico.  It 
aims  at  amalgamating  the  silver  in  the  open  in  a  circular  enclosure, 
the  floor  of  which  is  generally  built  of  flagstones.  In  order  to  facil- 
itate the  decomposition  of  the  silver  mineral,  salt  and  magistral  are 
worked  into  the  wet  pulp,  spread  out  on  the  floor.  Magistral  is  cu- 
priferous pyrites  roasted  to  convert  the  copper  into  soluble  sulphate, 
which  is  the  active  agent.  The  amalgamation  proceeds  very  slowly, 
as  the  sole  extraneous  heat  is  that  of  the  sun.  According  to  Laur, 
at  Guanaxuato,  Mexico,  92.77  per  cent,  of  the  total  silver  recovered 
was  extracted  after  12  days,  97.55  per  cent,  after  25  days,  99.70  per 
cent,  after  28  days,  and  100  per  cent,  after  33  days.  The  loss  of 
quicksilver  in  the  process  is  large,  owing  to  the  formation  of  calomel, 
which  is  not  saved.  The  yield  in  silver  is  low,  unless  the  ores  are 
exceptionally  free  milling;  the  bullion  produced  is  high  grade,  as  re- 
fractory silver  minerals  are  hardly  attacked.  The  process  is  suited  to 
easy  ores  and  a  region  where  the  climate  is  warm  and  dry,  and  horse 
or  mule  power,  labor,  and  quicksilver  are  cheaper  than  fuel  and  water. 

The  Washoe  process  is  the  leading  raw  amalgamation  process  of 
the  United  States,  where  it  was  invented,  in  1859,  by  A.  B.  Paul.  It 
consists  in  wet-stamping  coarsely  crushed  ore,  settling  the  sands  and 
slimes  produced,  and  grinding  and  amalgamating  them  in  steam-heated 
iron  pans  with  or  without  the  use  of  chemicals  (salt  and  blue  vitriol). 
Th^  ores  may  contain  a  larger  proportion  of  sulphurets  and  complex 
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silver  minerals  than  with  the  Patio  process  and  still  give  a  satisfactory- 
extraction.  They  are  crushed  to  egg  size  in  a  rock  breaker,  and  pul- 
verized to  pass  a  40-mesh  sieve  in  a  California  stamp  mill,  which  treats 
in  24  hours  about  3  tons  per  stamp.  A  lo-stamp  mill  is  fed  by  one 
rock  breaker,  and  discharges  the  liquid  pulp  into  10-15  wooden  set- 
tling tanks  9x5x8  feet,  the  settled  contents  of  which  are  shovelled 
out  and  charged  into  the  pans.  The  pan  in  general  use  is  ,the  com- 
bination pan.  It  has  a  flat,  cast-iron  bottom,  5  feet  in  diameter,  and 
wooden  sides  about  30  inches  high,  the  lower  parts  of  which  are  lined 
with  cast  iron.  In  the  center  is  a  hollow  cone,  through  which  passes' 
the  driving  shaft,  geared  from  below.  This  turns  the  grinding  appa- 
ratus (driver  with  muUer),  which  can  be  raised  and  lowered.  The 
speed  is  60-90  revolutions  per  minute.  To  the  bottom  and  muller 
are  attached  grinding  plates  (shoes  and  dies),  which  are  replaced  when 
worn,  and  to  the  sides  three  vdngs,  to  deflect  the  moving  pulp  towards 
the  centre  and  thus  establish  the  necessary  pulp  current.  The  lower 
side  of  the  bottom  has  also  a  steam  chest.  A  lo-stamp  mill  has 
4-6  pans,  which  receive  2-ton  charges.  In  working,  the  muller  is 
raised  half  an  inch,  the  pan  charged  with  water  and  then  with  ore, 
the  muller  is  lowered,  salt  and  blue  vitriol  are  added,  and  the  charge 
is  ground  for  3-4  hours.  The  pulp  is  heated  with  live  steam  to  about 
90°  C,  and  kept  at  that  temperature  by  exhaust  steam  in  the  bottom 
chest.  After  grinding,  the  muller  is  raised  and  quicksilver  added,  and 
the  silver  then  amalgamated  in  3-4  hours.  In  amalgamating  without 
the  use  of  chemicals  finely  divided  iron,  worn  from  the  shoes  and  dies 
in  the  stamp  mill  and  the  pan,  decomposes  cerargyrite  and  argentite, 
and  the  liberated  silver  is  taken  up  by  the  quicksilver;  the  process 
is  hastened  by  adding  salt.  When  salt  and  blue  vitriol  are  added  to 
the  charge  they  form  sodium  sulphate  and  cupric  chloride  (2NaC14- 
CuSO^  =  Na2S04  -f-  CuClj),  both  of  which  are  readily  soluble  in 
water.  Cupric  chloride  acts  upon  argentite  (AgjS  -}-  CUCI2  =  2AgCl  + 
CuS),  proustite  (4Ag3AsS8  +  i2QyiQ\  =  8AgCl,  2Ag3S,  2CuS,  AsjSg, 
5S),  pyrargyrite  (2Ag8SbS8  +  4CUCI2  =  6AgCl  +  2CuS  +  Sb^Sg  +  S), 
and  is  also  reduced  to  cuprous  chloride  by  metallic  iron  (2CUCI2  + 
Fe  =  Cu^Clj  +  FeClg).  This  salt,  insoluble  in  water  but  soluble  in 
brine,  also  acts  upon  argentite  (AgjS  +  Cu^Cl^  =  2AgCl  -f-  CuS  +  Cu) 
and  pyrargyrite  (2Ag8SbS8  +  Cu^Clj  =  AgCl  +  Ag^S  +  2Ag  +  2CuS 
+  SbjSg)  and  would  give,  with  silver  sulphide  in  the  presence  of  quick- 
silver, the  Patio  reaction  —  metallic  silver,  cupric  sulphide,  and  mercu- 
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rous  chloride  (2Ag2S  +  Cu^CLj  +  Hg  =  4Ag  +  2CuS  +  Hg^Cl^),  but 
the  iron  decomposes  the  quicksilver  salt  (Hg2Cl2  +  Fe  =  Hg^  +  FeCl^) 
setting  free  the  quicksilver.  The  amalgamation  is  rapid.  Thus  Austin 
found  that  at  the  Charleston  mills,  Arizona,  92.13  per  cent,  of  the 
total  silver  recovered  was  extracted  after  i  boor,  94.10  per  cent,  after 
2  hours,  95.92  per  cent,  after  3  hours,  and  100  per  cent,  after  4  hours. 
The  I9SS  in  quicksilver  is  small,  as  there  is  no  chemical  loss  inherent 
in  the  process;  the  yield  is  relatively  high,  but  the  bullion  is  liable 
to  be  low  grade  on  account  of  copper  being  precipitated  and  amalga- 
mated. When  the  charge  has  been  worked  the  contents  of  the  pan 
are  discharged  into  a  settler,  in  which  the  amalgam  is  separated  from 
the  sands.  It  has  the  same  general  construction  as  the  pan.  It  is 
8  feet  in  diameter  and  3  feet  deep.  The  bottom,  slightly  conical,  has 
a  groove  near  the  circumference  to  catch  the  amalgam,  which  is  with- 
drawn through  a  discharge  spout  into  a  bowl.  In  the  sides,  at  differ- 
ent levels,  are  three  discharge  holes  for  water  and  sand.  The  muUer 
reaches  to  within  3  inches  of  the  bottom,  and  makes  12-15  revolu- 
tions per  minute.  In  settling,  the  pulp  is  diluted  by  a  small  stream 
of  water,  and  the  thinned  pulp  drawn-  aff,  first  through  the  top  dis- 
charge hole  and  then  through  the  other  two,  the  bottom  one  being 
about  8  inches  above  the  amalgam.  Settling  takes  about  half  the 
time  required  to  work  a  charge  in  the  pan,  hence  one  settler  serves 
two  pans.  The  amalgam  is  dipped  out  from  the  bowl  into  a  canvas 
bag  (the  strainer),  to  separate  the  excess  of  the  quicksilver  from  the 
pasty  amalgam,  which  is  then  retorted  and  melted.  The  cost  of  treat- 
ing a  ton  of  ore  in  the  western  part  of  the  United  States  is  from 
three  to  seven  dollars.  At  some  works  treating  ores  containing  sul- 
phurets,  which  do  not  yield  their  silver  to  quicksilver,  concentration 
apparatus  (see  Ore  Dressing)  is  inserted  between  the  stamps  and  the 
settling  tanks  to  remove  the  sulphurets,  which  are  worked  by  them- 
selves; at  other  works  they  are  recovered  from  the  sands  after  these 
have  left  the  settlers.  In  order  to  do  away  with  the  handling  of  the 
wet  pulp  and  to  obtain  a  higher  extraction,  M.  P.  Boss  has  modified 
the  ordinary  plant  by  making  the  pulp  as  it  flows  from  the  stamps 
pass  through  a  grinding  pan,  then  through  a  series  of  amalgamating 
pans,  followed  by  a  row  of  settlers. 

A  20-stamp  mill  is  served  by  12  men  in  24  hours.  The  Washoe 
process  is  independent  of  the  climate,  but  it  requires  cheap  power 
and  an  abundance  of  water. 
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In  thfe  Cazo^  Caldron^  or  Hot  process,  the  pulverized  silver  ore  is 
boiled  in  a  copper-bottomed  wooden  vat,  first  with  brine,  until  the 
silver  has  been  reduced  by  the  copper,  and  then  with  quicksilver. 
The  Fondon  is  an  improvement  on  the  Cazo.  Bars  of  copper  drawn 
over  the  bottom  by  mules  or  water  power  (like  the  stone  drags  in 
the  arrastra)  grind  off  fine  particles  of  copper,  which  hasten  the  re- 
duction of  the  silver  and  diminish  the  formation  of  calomel.  In  the 
Krohnke  process  the  silver  mineral  of  the  pulverized  ore  is  decom- 
posed in  a  revolving  barrel  by  a  hot  solution  of  cuprous  chloride  in 
brine  in  the  presence  of  zinc  or  lead  and  quicksilver. 

Chloridizing  Roasting.  —  In  a  chloridizing  roast  chlorine  produces 
its  effect  as  nascent  chlorine  or  gaseous  hydrochloric  acid.  The  lead- 
ing reagents  are -salt  (NaCl),  sulphur  trioxide  (SOg,  produced  in  the 
roasting),  and  water  vapor  (H^O).  The  decomposition  of  salt  is  ex- 
pressed by  2NaCl  +  2SO8  =  Na2S04  +  SO3  +  CI3.  In  the  presence 
of  water  vapor  the  following  reaction  takes  place :  2 NaCl  +  SOg  + 
H20  =  Na2S04  +  2HCl.  As  some  water  vapor  is  always  present, 
hydrochloric  acid  will  invariably  be  formed  with  the  chlorine.  The 
roasting  is  carried  on  in  hand  and  mechanical  reverberatory  furnaces, 
occasionally  in  muffle  furnaces.  A  chloridation  of  over  90  per  cent, 
of  the  silver  is  the  rule. 

The  European  Barrel^  or  Freiberg^  process  (see  Encyclopedia  Britan- 
nica.  Vol.  XXII,  p.  70),  perfected  at  Freiberg,  Saxony,  was  abandoned 
there  in  1856.  In  the  United  States  it  was  used  quite  extensively  in 
Colorado  and  Nevada,  but  has  now  been  given  up.  The  main  reasons 
for  this  are  the  length  of  time  required  to  finish  a  charge,  on  account 
of  the  absence  of  any  extraneous  source  of  heat,  and  the  great  care 
with  which  operations  have  to  be  carried  out  in  order  to  obtain  satis- 
factory results.  The  Reese  River  process  consists  in  dry-stamping 
crushed  dried  ore  and  dried  salt  (separately  or  together),  charging  them 
into  a  roasting  furnace,  and  amalgamating  the  chlorodized  ore  in  an 
iron  pan.  The  general  arrangement  and  construction  of  a  mill  resem- 
ble those  of  the  Washoe  process.  The  apparatus  for  drying  ore  and 
salt  varies  greatly,  drying-floors,  dry-kilns,  and  continuous  mechan- 
ical reverberatory  furnaces  with  stationary  and  revolving  hearths  be- 
ing used.  The  general  construction  of  the  pan  is  the  same  as  in 
the  Washoe  process;  the  management,  however,  differs.  The  steam- 
chest  is  not  used  to  such  an  extent,  as  the  bottom  would  be  prema- 
turely corroded;   less  water  is  used,  as  the  pulp  would  become  too 
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thin  on  account  of  the  soluble  salts  (sodium  chloride,  sulphate,  etc.) 
going  into  solution;  and  the  roasted  ore  is  not  ground,  as  the  hot 
brine  readily  dissolves  the  silver  cliloride  from  the  porous  ore,  and 
thus  brings  it  into  intimate  contact  with  iron  and  quicksilver.  Chem- 
ical reagents  are  sometimes  added — lime  or  sulphuric  acid,  to  neutralize 
an  excess  of  acid  or  alkali;  bluestone,  to  form  cuprous  chloride  with 
sodium  chloride ;  and  iron  and  zinc,  to  make  the  galvanic  action  more 
energetic  and  to  reduce  the  consumption  of  iron.  The  rest  of  the 
apparatus  (settler,  retort,  crucible,  furnace)  is  the  same  as  with  the 
Washoe  process.  The  Reese  River  process  costs  from  half  as  much 
again  to  twice  as  much  as  the  Washoe  process. 

The  Francke-Tina  process  was  developed  in  Bolivia  for  the  treat- 
ment of  refractory  ores  rich  in  zinc  blende  (ZnS)  and  tetrahedrite 
4(Cu3,  Fe,  Zn,  Ag^,  Hg3)S  +  (Sb,  As,  Bi)2S3.  The  ore  is  given 
only  a  partial  chloridizing  roast,  on  account  of  the  great  loss  in  silver 
that  would  be  caused  by  the  formation  of  zinc  chloride  (ZnCl^).  The 
large  amount  of  soluble  sulphates  of  iron  and  copper  formed  in  the 
roast  is  made  to  act  upon  salt  charged  in  a  copper-bottomed  amalga- 
mating pan ;  the  chlorides  formed  finish  in  the  wet  way  the  imperfect 
chloridation  obtained  in  the  furnace. 

Lixiviation.  —  Ores  suited  for  amalgamation  can,  as  a  rule,  be  suc- 
cessfully leached.  In  leaching,  the  silver  ore  is  subjected  to  the  action 
of  solvents,  which  dissolve  the  silver;  from  the  solution  the  silver  is 
precipitated  and  converted  into  a  marketable  product. 

The  leading  solvents  are  aqueous  solutions  of  hyposulphite  salts. 
Sodium  chloride,  characteristic  of  the  Augustin  process  (see  Encyclo- 
pedia Britannica,  Vol.  XXII,  p.  70),  has  almost  wholly  fallen  into 
disuse;  and  potassium  cyanide,  which  has  become  a  very  important 
solvent  for  finely  divided  gold,  is  rarely  used  in  leaching  silver  ores. 
The  use  of  sodium  hyposulphite  as  solvent,  and  sodium  sulphide  as 
precipitant,  was  proposed  in  1850  by  Hauch  and  Percy,  and  put  into 
practice  in  1858  by  Patera  (Patera  process) ;  calcium  hyposulphite  with 
calcium  polysulphide  was  first  used  by  Kiss  in  i860  (Kiss  process,  now 
obsolete) ;  sodium  hyposulphite  with  calcium  polysulphide  was  adopted 
about  1880  by  Hofmann  (Hofmann  process) ;  finally,  sodium  hyposul- 
phite with  cuprous  hyposulphite  was  first  applied  by  Russell  in  1884, 
who  included  in  his  process  the  acidulation  of  the  first  wash-water  (to 
neutralize  any  harmful  alkaline  reaction),  and  the  separation  of  lead 
with  sodium  carbonate  from  the  silver  solution  previous  to  precipitating 
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with  sodium  sulphide.  In  all  processes  the  silver  ore  is  finely  crushed, 
usually  by  rolls,  as,  because  making  few  fines,  they  leave  the  ore  in 
the  best  condition  for  leaching.  As  a  rule  the  ore  is  subjected  to  a 
preliminary  chloridizing  roast,  though  occasionally  it  may  be  leached 
raw.  The  vats  in  common  use  are  circular  wooden  tanks,  16-20  feet 
in  diameter  and  8-9  feet  deep,  if  the  leached  ore  is  to  be  removed  by 
sluicing ;  5  feet,  if  by  shovelling.  They  have  a  false  bottom,  with  cloth 
or  gravel  filters.  The  basis  of  the  following  outline  is  the  Patera 
process.  The  ore,  supposed  to  have  been  salt-roasted,  is  charged 
loosely  into  the  leaching  vat  and  treated  with  water  (to  which  sul- 
phuric acid  or  blue  vitriol*  may  have  been  added)  to  remove  soluble 
salts,  which  might  later  on  be  precipitated  with  the  silver  (base-metal 
chlorides),  or  might  overcharge  the  solution  (sodium  chloride  and  sul- 
phate), or  might  interfere  with  the  solvent  power  (sodium  sulphate). 
The  vat  is  filled  with  water  from  above  or  below,  in-  and  out-flow 
are  then  so  regulated  as  to  keep  the  ore  covered  with  water.  Any 
silver  dissolved  by  the  first  wash-water  is  recovered  by  a  separate 
treatment.  After  the  wash-water  has  been  drained  off,  the  ore  is 
ready  for  the  silver  solvent.  This  is  a  solution  containing  up  to  2 
per  cent,  of  sodium  hyposulphite  (Na^SjOg  +  saq.)  of  which  one  part 
dissolves  0.485  parts  of  silver  chloride,  =  0.365  parts  metallic  silver 
(2AgCl  +  sNa^SaOg  =  AgjSaOj,  2Na2Sa08  +  2NaCl).  Silver  arse- 
nate  and  antimoniate  are  also  readily  soluble,  metallic  silver  slightly 
so,  silver  sulphide  not  at  all.  (In  the  Russell  process  the  .double 
salts,  4Na2S208.3Cu2Sj08  and  8Na2S208.3Cu3S208,  and  the  metallic 
silver  and  silver  sulphide  are  readily  soluble ;  thus  it  supplements  that 
of  Patera).  After  the  silver  has  been  dissolved  by  percolation,  the 
last  of  the  solvent  still  in  contact  with  the  ore  is  replaced  by  a  second 
wash-water.  The  silver  solution,  collected  in  a  circular  precipitating 
vat  (10  feet  in  diameter  and  10  feet  deep),  is  treated  with  sodium 
sulphide  (or  calcium  polysulphide),  unless  sodium  carbonate  was  first 
added  to  throw  down  any  lead  that  had  gone  into  solution,  and  which 
may  have  been  present  in  the  ore  as  sulphate.  Silver  sulphide  falls 
out  as  a  black  mud  with  about  50  per  cent,  silver,  and  the  solvent 
will  be  regenerated  :  2AgaS208-|-  Na^Sj  =  Ag2S  -|-  Na^SjO^  and 
Na^SaOe  +  Na^Sj  =  2Na3S308  +  2S  (or  AgaSaOj  +  CaSg  =  AggS  + 
CaSjOg  +  S^,  and  in  part  CaSaOg  +  Na^SO^  =  CaSO^  +  Na^S^Og). 
If  the  sodium  cuprous  hyposulphite  was  used  as  a  solvent  in  addition 
to  the  simple  sodium  hyposulphite,  cuprous  sulphide  will  be  precipi- 
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tatfed  with  the  silver  sulphide,  and  the  precipitate  will  be  of  lower 
grade.  At  some  works  the  silver  is  precipitated  with  sodium  sul- 
phide, and  the  liquor,  after  having  been  separated  from  the  silver 
sulphide,  is  treated  with  calcium  poly  sulphide,  that  by  the  precipita- 
tion of  calcium  sulphate  the  accumulation  of  sodium  sulphate  may  be 
prevented.  The  precipitated  silver  (copper)  sulphide  is  filtered,  dried, 
and  usually  shipped  to  silver-lead  works  to  be  refined ;  sometimes  it  is 
converted  into  metallic  silver  at  the  works.  The  solution,  freed  from 
silver,  is  used  again  as  solvent.  Lixiviation  has  many  advantages  over 
amalgamation.  It  permits  coarser  crushing  of  the  ore,  the  cost  of 
the  plant  is  lower,  the  power  required  is  nominal,  the  cost  of  chem- 
icals is  lower  than  that  of  quicksilver,  less  water  is  necessary,  and  the 
extraction  is  often  higher,  as  silver  arsenate  and  antimoniate  are  readily 
soluble,  while  they  are  not  decomposed  in  amalgamation.  On  the  other 
hand,  silver  and  silver  sulphide  are  readily  amalgamated;  and  while 
they  are  not  dissolved  in  the  Patera  process,  they  are  in  the  Russell 
process. 

Statistics, — The  world's  production  of  silver  in  1900  was,  accord- 
ing to  The  Mineral  Industry^  Vol.  IX,  p.  315,  in  troy  ounces:  United 
States,  59,561,797;  Canada,  4,446,505;  Mexico,  55,804,420;  Central 
America,  1,446,795  ;  Argentina,  383,561 ;  Bolivia,  10,432,685  ;  Chile, 
5,772,791;  Colombia,  2,800,000;  Ecuador,  81,000;  Peru,  6,590,955; 
Austria,  1,272,022;  Hungary,  675,750;  France,  466,189;  Germany, 
6,243,326;  Greece,  1,294,917;  Italy,  1,081,707;  Norway,  154,389; 
Russia,  163,960;  Servia,  18,386;  Spain,  5,909,418;  Sweden,  73,626; 
Turkey,  65,363  ;  United  Kingdom,  191,927;  Dutch  East  Indies,  1,447  \ 
Japan,  1,810,375;  Australasia,  14,063,244;  other  countries,  48,226; 
total,  180,854,781. 
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PROCEEDINGS   OF   THE   SOCIETY  OF  ARTS. 


FORTY-FIRST  YEAR,  igos-rgoj. 


The  58 1st  regular  meeting  of  the  Society  of  Arts  was  held  in 
Room  22,  Walker  Building,  on  Thursday  evening,  April  23,  at  eight 
o'clock,  Professor  Clifford  in  the  chair.  Two  hundred  and  fifty  persons 
were  present. 

After  the  minutes  of  the  previous  meeting  had  been  read  and 
approved,  Mr.  Francis  E.  Stanley  addressed  the  Society  on  **  Some 
Problems  to  be  Solved  in  the  Building  of  the  Perfect  Steam-propelled 
Automobile." 

After  a  brief  discussion  a  vote  of  thanks  was  tendered  the  speaker, 
and  the  meeting  adjourned. 


The  41st  Annual  Meeting  (582d  regular  meeting)  of  the  Society 
OF  Arts  was  held  in  Room  22,  Walker  Building,  on  Friday  evening, 
May  22,  at  eight  o'clock,  Professor  Niles  in  the  chair.  Two  hundred 
persons  were  present. 

After  the  minutes  of  the  previous  meeting  had  been  read  and 
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approved,  Mr.  Henry  E.  Warren  was  elected  to   Associate  Member- 
ship in  the  Society. 

The  Annual   Report   of  the   Executive  Committee  was  read  and 
approved. 

Annual  Report  of  the  Executive  Committee  presented  at  the  Forty-first 
Annual  Meeting  of  the  Society  of  Arts,  May  22,  1903. 

The  first  meeting  of  the  Society  of  Arts  for  the  present  year  was  held  on  October 
9,  1902.  Fourteen  meetings  have  been  held,  with  an  average  attendance  of  one  hundred 
and  eighty -four. 

During  the  past  y^ar  the  unusual  interest  in  the  meetings  of  the  Society  which  has 
been  shown  in  the  past  few  years  has  continued.  An  effort  has  been  made  to  have  the 
addresses  given  before  the  Society  cover  a  wide  range  of  subjects.  As  a  consequence, 
nearly  all  the  students  in  the  Institute  have  had  opportunity  to  hear  men  who  are 
authorities  upon  the  subjects  in  which  they  are  preparing  themselves  for  the  future. 

The  following  papers  have  been  read :  — 

"Long  Distance  Electric  Railroading."  Professor  Louis  Duncan,  Director  of  the 
Department  of  Electrical  Engineering  of  the  Institute. 

"The  Identification  of  Our  Woody  Plants  in  Winter."  Mr.  John  G.  Jack,  of  the 
Arnold  Arboretum. 

"  The  Art  of  Lithography.'*  Mr.  George  H.  Bartlett,  Principal  of  the  Massachusetts 
Normal  Art  School. 

"  The  Designing  of  Small  Racing  Yachts."     Mr.  W.  Starling  Burgess. 

**  A  Substance  with  Remarkable  Optical  Properties,  and  a  Screen  Transparent  to  Ultra 
Violet  Light  Only."     Professor  R.  W.  Wood,  of  Johns  Hopkins  University. 

"The  Coast  Survey  and  its  Work."  Mr.  O.  H.  Tittmann,  Superintendent  of  the 
United  States  Coast  and  Geodetic  Survey. 

"The  Reclamation  of  the  Arid  Public  Lands."  Mr.  F.  H.  Newell,  Chief  Engineer, 
United  States  Geological  Survey. 

"  Martinique  and  Mt.  Pel^e."     Mr.  George  Kennan. 

"Exhibition  of  Some  New  Apparatus  for  Illustrating  Certain  Electro-Magnetic  Phe- 
nomena.**    Professor  Louis  Derr,  of  the  Institute. 

"Government  Architecture."  Mr.  J.  Knox  Taylor,  Supervising  Architect,  Treasury 
Department. 

"  The  Composition  of  Sewage  with  Relation  of  Problems  of  Disposal.**  Mr.  George 
W^.  Fuller,  Sanitary  Expert,  New  York  City. 

"The  Charles  River  Dam."     Mr.  R.  H.  Dana. 

"Some  Problems  to  be  Solved  in  the  Building  of  the  Perfect  Steam-propelled 
Automobile.**     Mr.  Francis  E.  Stanley. 

"  A  Reconnaissance  in  the  Rocky  Mountains  of  British  Columbia."  Mr.  Howard  W. 
DuBois,  Mining  Engineer,  Philadelphia. 

At  the  beginning  of  the  year  the  Associate  Membership  was  three  hundred  and 
sixty-seven.  Of  these  members,  three  have  died  and  eight  have  resigned,  while  six 
new  members  have  been  elected,  making  the  present  membership  three  hundred  and 
sixty-two.     There  are  thirty-seven  Life  Members. 

The  Technology  Quarterly  has  appeared  regularly  during  the  year  under  the 
editorship  of  Dr.  Bigelow,  with  the  advice  and  counsel  of  the  Publication  Committee. 
There  have  appeared  in  all  twenty-eight  articles  besides  the  Proceedings  of  the  Society. 
A  new  feature  introduced  this  year  is  a  series  of  Book  Reviews,  which,  it  is  hoped,  will 


Proceedings  of  the  Society  of  Arts.  275 

add  interest  to  the  Quarterly,  and  will  further  extend  the  influence  of  the   Institute  1 

and  members  of  the  Instructing  Staff.     We  are  also  indebted  for  valuable  contributions  1 

to  several  of  our  Alumni,  namely,  Gerard  H.  Matthes,  William  Lincoln  Smith,  G.  C.  | 

Whipple,  and  Earle  B.  Phelps.  | 

George  W.  Blodgett, 

Edmund  H.  Hewins, 

Charles  T.  Main, 

Desmond  FitzGerald, 

James  P.  Munroe, 


Executive  Committee. 


The  report  of  the  Nominating  Committee  was  read,  and  the 
following  named  gentlemen  were  elected  officers  of  the  Society  for 
the  year  1903-1904.  Executive  Committee:  George  W.  Blodgett, 
Edmund  H.  Hewins,  Charles  T.  Main,  James  P.  Munroe,  and  A. 
Lawrence  Rotch.     Secretary:  James  F.  Norris. 

Mr.  Howard  W.  DuBois  then  addressed  the  Society  on  "A 
Reconnaissance  for  the  Platinum  Metals  in  the  Rockies  of  British 
Columbia."  The  lecture  was  illustrated  with  a  large  number  of 
lantern  slides,  which  had  been  colored  by  a  new  method  devised  by 
Mr.  DuBois. 

A  vote  of  thanks  was  tendered  the  speaker,  and  the  meeting 
adjourned. 

J.  F.  Norris,  Secretary, 


2/6  Robert  H.  Richards. 


ORE  DRESSING,   OR   THE  MECHANICAL   PREPARATION 

OF  ORES} 

By   ROBERT   H.   RICHARDS. 

When  the  miner  hoists  his  ore  to  the  surface,  the  contained  metal 
may  be  either  in  the  native  uncombined  state  or  combined  with  other 
substances,  forming  minerals  of  more  or  less  complex  composition.  In 
botji  cases  the  valuable  mineral  is  always  associated  with  minerals  of 
no  value.  The  province  of  the  ore  dresser  is  to  separate  the  **  \^lues  " 
from  the  waste  by  mechanical  means,  obtaining  thereby  **  concentrates  '* 
and  "  tailings.*'  The  province  of  the  metallurgist  is  to  extract  the  pure 
metal  from  the  concentrates  by  chemical  means,  with  or  without  the 
aid  of  heat.  There  are  also  a  number  of  non-metallic  minerals  which 
do  not  have  any  value,  or  at  best  do  not  reach  their  highest  value 
until  they  have  been  subjected  to  some  form  of  mechanical  prepara- 
tion ;  among  them  are  diamonds,  graphite,  corundum,  garnet,  asbestos, 
and  coal.  Ore  dressing,  for  the  purposes  of  this  article,  may  be  divided 
into  three  parts:  (i)  Properties  of  minerals  which  render  aid  in  their 
separation.  (2)  Simple  operations.  (3)  Operations  combined  to  form 
processes  or  "mills." 

I.  Properties. — The  specific  gravity  of  minerals  varies  greatly, 
some  being  heavy,  others  light.  The  rate  of  settling  in  water  is 
affected  by  the  specific  gravity  in  this  way :  of  two  particles  of  the 
same  size  but  different  specific  gravity,  the  heavier  settles  more  rapidly 
than  the  lighter ;  while  of  two  particles  of  different  specific  gravity  which 
settle  at  the  same  rate  in  water,  that  of  higher  specific  gravity  is  of 
smaller  diameter  than  the  other.  The  same  statements  are  true  in 
regard  to  settling  in  air,  and  in  regard  to  momentum  in  air  when  the 
particles  are  thrown  out  in  a  horizontal  direction.  Color,  lustre,  and 
fracture  are  of  especial  value  in  hand-picking  to  aid  the  eye  in  select- 
ing the  mineral  sought.     Instances  are :  of  colors,  the  white  of  quartz. 


1  Reprinted  by  peraiission  of  the  publishers  from  the  article,  "  Ore  Dressing,"  by 
Prof.  R.  H.  Richards,  in  the  new  volumes  of  the  Encyclopaedia  Britanmca.  Copyright 
1902.     The  Encyclopaedia  Britannica  Company. 
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the  pale  straw  color  of  feldspar,  the  dull  yellow  of  limonite,  the  brass 
yellow  of  chalcopyrite,  the  pale  metallic  yellow  of  pyrites ;  of  lustres, 
the  vitreous  of  quartz,  the  adamantine  of  diamond  and  cerussite,  the 
resinous  of  blende,  the  earthy  of  limonite,  and  the  metallic  of  pyrite  \ 
and  of  fractures,  the  cleavage  planes  of  feldspar  and  galena,  the  con- 
choidal  fracture  of  quartz  and  pyrite,  the  granular  of  some  forms  of 
magnetite  and  blende.  Magnetism  is  a  most  direct  and  simple  method 
of  separating  minerals  where  it  is  available.  The  discovery  that,  by 
the  use  of  electro-magnets  of  great  power,  minerals  formerly  regarded 
as  non-magnetic  are  attracted  has  made  it  possible  to  separate  several 
classes  of  minerals  present  in  an  ore ;  for  example,  the  strongly  mag- 
netic mineral  may  first  be  taken  out,  then  the  mildly  magnetic,  and 
last  the  weakly  magnetic,  the  non-magnetic  being  left  behind.  Ad/^e- 
sion  acts  when  brightly  burnished  particles  of  gold,  issuing  with  the 
sand  from  the  stamp  mill,  come  in  contact  with  an  amalgamated  copper 
plate,  for  they  are  instantly  plated  with  mercury  and  adhere  to  the 
copper,  while  the  sand  is  carried  forward  by  the  water.  In  this  way 
a  very  perfect  separation  of  the  gold  from  the  sand  is  effected.  In 
the  South  African  diamond  fields  it  has  been  found  that,  if  the  dia- 
mond-bearing sand  is  taken  in  a  stream  of  water  over  a  smooth  surface 
covered  with  a  suitable  coating  of  grease,  the  diamonds  will  adhere  to  . 
the  grease  while  the  sand  does  not.  Decrepitation  is  the  property 
possessed  by  some  minerals  of  flying  to  pieces  when  heated  suddenly. 
If,  for  example,  blende  and  barite  occur  together  in  a.  product  where 
the  grains  are  about  the  same  size,  they  cannot  be  separated  by  water, 
being  of  nearly  the  same  specific  gravity,  but  when  dropped  upon  a 
heated  iron  plate  the  barite  flies  into  small  particles,  and  can  then 
be  separated  from  the  blende  by  sifting.  This  principle,  however,  can 
only  rarely  be  applied. 

2.  Simple  Operations. — The  concentration  of  ores  always  pro- 
ceeds by  steps  or  stages.  Thus  the  ore  must  be  crushed  before  the 
minerals  can  be  separated,  and  certain  preliminary  steps,  such  as  sizing 
and  classifying,  must  precede  the  final  operations  which  produce  the 
finished  concentrates.  The  more  important  of  these  simple  operations 
will  now  be  described. 

The  ore  as  mined  contains  the  valuable  minerals  attached  to  and 
enclosed  in  lumps  of  waste  rock.  The  province  of  crushing^  or  disin- 
tegrating, is  to  sever  or  unlock  the  values  from  the  waste,  so  that  the 
methods  of  separation  are  then  able  to  part  the  one  from  the  other. 


278 


Robert  H.  Richards. 


In  crushing  ores  it  is  found  wise  to  progress  by  stages,  coarse 
crushing  being  done  best  by  one  class  of  machine,  medium  by  another, 
and  fine  by  a  third.     Coarse  crushing  is  accomplished  by  breakers  of 

the  Blake  type  (Figure  i)  or  of  the 
Gates-Comet  type  (Figure  2).  All  of 
these  machines  break  by  direct  pres- 
sure caused  by  a  movable  jaw  (a. 
Figures  i  and  2)  approaching  towards 
and  receding  from  a  fixed  jaw  {b). 
The  largest  size  ever  fed  to  a  breaker 
is  24  inches  in  diameter,  and  the 
smallest  size  to  which  the  finest 
crushing  commonly  done  by  these 
machines  brings  the  ore  is  about  |  inch  in  diameter.  The  machine 
is  generally  supplied  with  ore  in  lumps  not  larger  than  9  inches  in 
diameter,  and  crushes  them  to  about  i  J  inches  in  diameter.     Medium- 


FiG.  I.  —  Blake  Breaker. 
Oy  movable  jaw;   ^,  fixed  jaw. 


size  crushing  is  done 
3)  or  steam  stamps, 
by  direct  pressure  caused 
between  two  revolving 
gether.  They  make  the 
to  be  lost  in  the  subse- 
therefore  preferred  for 
The  steam  stamp 
principle  as  a  steam 
being    forced   down   by 


^ 


mostly  by  rolls  (Figure 
Rolls  (Figure  3)  crush 
by  the  ore  being  drawn 
rolls  held  closely  to- 
least  fine  slimes,  ox  fines ^ 
quent  treatment,  and  are 
all  brittle  minerals, 
works  upon  the  same 
hammer,    the    pestle 


FiG2.  — Gates  Breaker,  steam    pressure     acting 
through  piston  and  cyl-    f,  movable  jaw ;  ^,  fixed    inder  with  great   crush- 

,  ''         jaw;  r,  gear  with  eccen- 

ing  force  m  the  mortar,     trie  hub  and  with  loose     Steam  stamps  have  been 
very  successful  with  na-      ^  ®"       spindle.  ^j^^  copper  rock  because 

they  break  up  the  little  leaves,  flakes,  and  filaments  of  copper,  and 
render  them  susceptible  of  concentration,  which  rolls  do  not.  Fine 
crushing  is  done  by  gravity  stamps,  by  pneumatic  stamps,  by  centrif- 
ugal roller  mills,  by  amalgamating  pans,  by  ball 
mills,  by  Chile  edgestone  mills,  and  by  arrastras. 

The  gravity  stamp  (Figure  4)  is  a  pestle  of  800 
pounds  weight,   more    or  less,  which    is  lifted  by  a 
revolving  cam,  and  falls  by  the  force  of  gravity  to 
strike  a  heavy  blow  in  the  mortar  and  do  the  work  of  crushing ;  the 
frequent  revolution  of  the  cam  gives  a  more  or  less  rapid  succession 


Fig.  3.  —  Crushing 
Rolls. 
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of  blows.  Gravity  stamps  are  especially  adapted  to  the  fine  crushing 
of  gold  ores,  which  they  reduce  to  -^^  inch,  and  sometimes  even  to 
-^^  inch  grains.  The  blow  of  the  stamp  upon  the  fragments  of  quartz 
not  only  liberates  the  fine  particles  of  gold,  but  brightens  them  so 
that  they  are  quickly  caught  upon  the  amalgamated  plates.  The 
pneumatic  stamp  has  a  heavy  pestle,  which  is  moved  up  and  down 
by  direct  connection  with  a  crank;  but  since  the  height  of  the  ore 
in  the  mortar  varies,  the  pestle  must  have  the 
means  also  of  varying  its  movement  to  avoid  break- 
age. To  this  end  an  air  cylinder  with  piston  is 
inserted  in  the  stem,  the  elasticity  of  the  air  within 
the  cylinder  not  only  giving  the  needed  variation 
of  throw,  but  increasing  the  force  of  the  blow  in 
the  mortar.  The  centrifugal  roller  mills  are 
suited  to  fine  crushing  of  middle  products,  namely, 
by-products  composed  of  grains  containing  both 
values  and  waste,  since  they  avoid  making  such 
fine  slimes.  They  crush  by  the  action  of  a  roller, 
rolling  on  the  inside  of  a  steel  ring,  both  having 
vertical  axes.  The  amalgamating  pan  is  suitable 
for  grinding  silver  ores  for  amalgamation  where  the 
finest  grinding  is  sought,  together  with  the  chem- 
ical action  from  the  contact  with  iron.  It  crushes 
by  a  true  grinding  action  of  one  surface  sliding 
upon  another.  The  Chile  edgestone  mill  is  em- 
ployed for^the  finest  grinding  ever  used  preparatory 
to  concentration.  The  arrastra,  or  drag-stone  mill, 
grinds  still  finer  for  amalgamating. 

A  considerable  class  of  workable  minerals, 
among  which  are  surface  ores  of  iron  and  surface 
phosphates,  contain  worthless  clay  mixed  with  the  valuable  material, 
the  removal  of  which  is  accomplished  by  the  log  washer.  This  is  a 
disintegrator,  consisting  of  a  long,  narrow  cylinder  revolving  in  a 
trough  which  is  nearly  horizontal.  Upon  the  cylinder  are  knives  or 
paddles  set  at  an  angle,  which  serve  the  double  purpose  of  bruising 
and  disintegrating  the  clay,  and  of  conveying  the  cleaned  lump  ore  to 
be  discharged  at  the  upper  end  of  the  trough,  the  water  meanwhile 
washing  away  the  clay  at  the  lower  end. 

Roasting  for   Friability.  —  When    two    minerals  —  for    example. 


Fig  4. — Gravity 
Stamp. 
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Fig.  5.--Trommei^  or 
Revolving  Screen. 


pyrites  and  cassiterite  —  one  of  which  is  decomposed  and  rendered 
porous  and  friable  by  heat  and  oxygen,  are  roasted  in  a  furnace,  the 
pyrites  become  porous  oxide  of  iron,  while  the  cassiterite  is  not 
changed.  A  gentle  crushing  and  washing  operation  will  then  break 
and  float  away  the  lighter  iron  oxide,  leaving  the  cassiterite  behind. 
Sizing.  —  If  crushed  ore  be  sifted  upon  a  screen  with  holes  of 
definite  size,  two  products  will  result :  the  oversize^  which  is  unable 

to  pass  through  the  screen,  and  the  under- 
sizey  which  does  pass.  If  the  latter  size  be 
sifted  upon  another  screen  with  smaller  holes, 
it  will  again  make  oversize  and  undersize. 
Rittinger  adopted  for  close  sizing  the  follow- 
ing diameters,  in  millimeters,  for  the  holes  in 
a  set  of  screens:  64,  45.2,  32,  22.6,  16,  11.3,  8,  5.6,  4,  2.8,  2,  1.4,  i. 
Each  of  these  holes  has  an  area  double  that  of  the  one  next  below 
it ;  this  may  be  called  the  screen  ratio.  A  process  which  does  not 
need  such  close  sizing  might  use  every  alternate  screen  of  the  above 
set,  and  in  extreme  cases  even  every  fourth  screen.  In  mills  the 
screen  ratio  for  coarse  sizes  often  differs  from  that  for  fine.  Sizing 
is  done  by  cylindrical  screens  revolving  upon  their  axes  (Figure  5), 
by  flat,  shaking  screens,  and  by  fixed  screens  with  a  comparatively 
steep  slope.  Wire  cloth  with  square  holes  and  steel  plate  punched 
with  round  holes  are  both  used.  To  remove  the  largest  lumps  in 
the  preliminary  sizing,  fixed  bar  screens  are  preferred  on  account  of 
their  strength  and  durability.  Sizes  smaller  than  can  be  satisfactorily 
handled  by  screens  are  treated  by  means  of  hydraulic  classifiers  and 
box   classifiers    {Spitz-   fa  « 

hasten).      The     lower     .     1     *  ■  t     H    • r— j| r— ( r— ^ — ^ 

limit  of  screening  and,  ^^\   jj    ^1^\'   \     r\   \    ^f\    J    /^ 

therefore,    the    begin-   ^=^h      ^ '     ^ '     ^ '  — 

ning  of  this  work  varies  ^'^'  ^-  ^  H^'^*^^""^  Classifier. 

from  grains  of  5  millimeters  to  grains  of  i  millimeter  in  diameter.  An 
hydraulic  classifier  (Figure  6)  is  a  trough-like  washer  through  which  the 
water  and  sand  flow  from  one  end  to  the  other.  In  the  bottom,  at 
regular  intervals,  are  pockets,  or  pits,  with  hydraulic  devices  which 
hinder  the  outflowing  discharge  of  sand  (b)  by  an  inflowing  stream  of 
water  (a).  By  regulating  the  speed  of  these  currents  of  water,  the  size 
of  the  grains  in  the  several  discharges  can  be  regulated,  the  first  being 
the  coarsest,  the  overflow  at  the  end  the  finest.      Box  classifiers  are 
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similar,  except  that  the  pockets  are  much  larger  and  no  inflowing  cle^* 
water  is  used ;  they,  therefore,  do  their  work  much  less  perfectly. 
Classifiers  do  not  truly  size  the  ore,  but  merely  class  together  grains 
which  have  equal  settling  power.  In  any  given  product,  except  the 
first,  the  grain  of  high  will  always  be  smaller  than  that  of  low  specific 
gravity.  The  box  classifiers  are  suited  to  treating  finer  sizes  than  the 
hydraulic  classifiers,  and  therefore  follow  them  in  the  mill  treatment. 

Picking  floors  are  areas  on  which  men,  boys,  or  girls  pick  out 
valuable  mineral  which  is  rich  enough  to  ship  at  once  to  the  smelter. 
The  picking  is  often  accompanied  and  aided  by  breaking  with  a  ham- 
mer. Picking  tables  are  generally  so  constructed  that  the  pickers 
can  sit  still  and  have  the  ore  pass  before  them  on  a  moving  surface, 
such  as  a  revolving  circular  table  or  traveling  belt.  Stationary  pick- 
ing tables  require  the  ore  to  be  wheeled  to  and  dumped  in  front  of 
the  pickers.  Picking  out  the  values  by  hand  has  the  double  advan- 
tage that  it  saves  the  power  and  time  of  crushing,  and  prevents  the 
formation  of  a  good  deal  of  fine  slimes  which  are  difficult  to  save. 

Jigs  treat  ores  ranging  from  i^  inches  in  diameter  down  to  -^^ 
inch.  If  an  intermittently  pulsating  current  of  water  is  passed  up 
through  a  horizontal  sieve  on  which  is  a  bed  of  ore,  the  heavy  min- 
eral and  the  quartz  quickly  form  layers,  the  former  beneath  the  latter. 
The  machine  by  which  this  is  done  is  (J) 

called  a  jig  (Figure  7),  and  the  opera- 
tion is  called  jigging.  The  pulsating 
current  is  obtained  by  placing  a  verti- 
cal longitudinal  partition  {c)  extending 
part  of  the  way  down  to  the  bottom 
of  the  jig  box.  The  sieve  {a)  is  firmly 
fastened  on  one  side  of  the  partition,  and  on  the  other  a  piston  {d)  is 
moved  rapidly  up  and  down  by  an  eccentric,  causing  an  up-and-down 
current  of  water  through  the  sieve  {a).  The  sieve  is  fed  at  one  end  {e) 
with  a  constant  supply  of  water  and  ore,  and  the  quartz  overflows  at  the 
other.  The  constantly  accumulating  bed  of  concentrates  is  either  dis- 
charged through  the  sieve  into  the  space  below  {g)y  called  the  hutch, 
or  by  some  special  device  at  the  side.  On  jigs,  where  the  concen- 
trates pass  through  the  sieve,  a  bed  of  heaxy  mineral  grains,  too 
large  to  i>ass,  holds  back  the  lighter  quartz.  The  quartz  overflow 
from  one  sieve  {a)  generally  carries  too  much  value  to  be  thrown 
away,  and  it  is,  therefore,  jigged  again  upon  a  second  sieve  {b).     In 
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Fig.  7.  —  Hartz  Jig. 
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jigging  difficult  ores,  three,  four,  five,  and  even  six  sieves  are  used. 
A  succession  of  sieves  gives  a  set  of  products  graded  both  in  kind 
and  in  richness,  the  heavier  mineral,  as  galena,  coming  first,  the 
lighter,  as  pyrites  and  blende,  coming  later.  The  best  jigging  is  done 
upon  closely  sized  products,  using  a  large  amount  of  under-water 
added  beneath  the  sieve.  Very  good  jigging  may,  however,  be  done 
upon  the  products  of  hydraulic  classifiers,  where  the  heavy  mineral 
is  in  small  grains  and  the  quartz  is  large,  by  using  a  bed  on  the 
sieve  and  diminished  under-water,  which  increases  the  suction,  or 
downward  pull  by  the  returning  plunger. 

Bumping  Tables.  —  Rittinger*s  table  is  a  rectangular,  gently  slop- 
ing plane  surface,  which  by  a  bumping  motion  throws  the  heavy 
particles  to  one  side  while  the  current  of  water  washes  down  the 
quartz  to  another,  a  wedge-shaped  divider  separating  and  guiding 
the    concentrates    and    tailings    into    their   respective    hoppers.      The 

capacity  on  pulp  of  ^^  to  -^^  inch 
size  is  some  four  tons  in  twenty- 
four  hours.  In  the  Wilfley  table 
(Figure  8),  and  those  derived  from 
it,  a  gentler  vanning  motion  is  sub- 
stituted for  the  harsh  bump ;  they 
have  a  greatly  increased  width  and 
a  set  of  riffle  blocks  {b)  at  right  angles  to  the  direction  of  flow  {c\ 
tapering  in  height  towards  the  side  where  the  concentrates  are  dis- 
charged {d).  This  combination  has  produced  a  table  of  great  efficiency 
and  capacity  for  treating  grains  from  \  inch  in  diameter  down  to  ^ 
inch,  or  even  finer.  The  capacity  on  ^^^j^-inch  pulp  is  from  15  to  25 
tons  in  twenty-four  hours. 

Vanners  are  machines  which  treat  ores  on  endless  belts,  gener- 
ally of  rubber,  with  flanges  on  the  two  sides.  The  belt  (Figure  9) 
travels  up  a  gentle  slope  (a)  on  horizontal 
transverse  rollers,  and  is  shaken  about  two 
hundred  times  a  minute,  either  sidewise  or 
endwise,  to  the  extent  of  about  one  inch. 
The  lower  10  feet  is  called  the  concentrat- 
ing plane  (*),  and  slopes  2.78  per  cent., 
horizontal ;  the  upper  2  feet  of  length  is  called  the  cleaning  plane 
(^),  and  slopes  4.45  per  cent.,  more  or  less.  The  ore  is  fed  on 
with  water   at   the   intersection  of   the  two   planes  {d).      The   vibra- 


FiG.  8.  —  Wilfley  Table. 


Fig.  9.  —  Frue  Vanner. 
more   or   less,   from  the 
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tion  separates  the  ore  into  layers,  the  heavy  beneath  and  the  light 
above.  The  downward  flow  of  the  water  carries  the  light  waste 
off  and  discharges  it  over  the  tail  roller  (e)  into  the  waste  launder, 
while  the  upward  travel  of  the  belt  carries  up  the  heavy  mineral.  On 
the  cleaning  plane  the  latter  passes  under  a  row  of  jets  (/)  of  clean 
water,  which  removes  the  last  of  the  waste  rock.  The  heavy  mineral 
clings  to  the  belt  while  it  passes  over  the  head  roller,  and  only  leaves 
it  when  the  belt  is  forced  by  the  dipping  roller  to  dip  in  the  water 
of  the  concentrates  tank  {g).  The  cleaned  belt  then  continues  its 
return  journey  over  the  guide  roller  (//)  to  the  tail  roller  (r),  which  it 
passes  around,  and  again  does  concentration  duty.  Experience  proves 
that  for  exceedingly  fine  ores  the  end-shake,  with  steep  slope  and 
rapid  travel,  does  better  work  than  the  side-shake  vanner.  For  ordi- 
nary gold  stamp-mill  pulp,  where  cleanness  of  tailings  is  the  most 
important  end,  and  where  to  gain  it  the  engineer  is  willing  to  throw  a 
little  quartz  into  the  heads,  the  end-shake  vanner  is  again  probably 
a  little  better  than  the  side-shake,  but  where  cleanness  of  concentrates 
is  sought  the  side-shake  vanner  is  the  most  satisfactory. 

Slime  tables  are  circular  revolving   tables   (Figure    10)  with   flat- 
tened  conical  surfaces   and  a  slope  of    i^  inches,  more  or  less,  per 


Fig.  10.  —  Convex  Revolving  Slime  Table. 

foot  from  center  to  circumference ;  a  common  size  is  17  feet  in 
diameter,  and  a  common  speed  one  revolution  per  minute.  These 
tables  treat  material  of  jj^  inch  and  less  in  diameter  coming  from 
box  classifiers.  The  principle  on  which  the  table  works  is  that  the 
film  of  water  upon  the  smooth  surface  rolls  the  larger  grains  (quartz) 
towards  the  margin  of  the  table  faster  than  the  smaller  grains  (heavy 
mineral)  which  are  in  the  slow-moving  bottom  current.  The  material 
is  fed  at  the  centre  over  one-half  the  circumference  on  the  side  a^  a^. 


284  Robert  H,  Richards, 

The  revolution  of  the  table  then  discharges  the  quartz  earlier  at  ^j  a^ 
a^  a^9  an  intermediate  middling  product  next  at  ^,  and  the  hea\y  min- 
eral last  at  c.  Suitable  waste  launders  and  catch  boxes  are  supplied 
for  the  three  products.  The  capacity  of  such  a  table  is  12  tons  or 
more  of  pulp,  dry  weight,  in  twenty-four  hours.  Frames  are  rectan- 
gular slime  tables  which  separate  the  waste  from  the  concentrates  on 
the  same  principle  as  the  circular  tables,  though  they  run  intermittently. 
They  treat  very  fine  pulp,  and  after  being  fed  for  a  short  period  (about 
fifteen  minutes)  the  pulp  is  shut  off,  the  concentrates  are  flushed  off 
with  a  douche  of  water  and  caught  in  a  box,  and  the  feed  pulp  is 
again  turned  on.  They  are  much  used  in  the  Cornish  tin  works. 
Canvas  tables  are  rectangular  tables  with  plane  surfaces  covered  with 
cotton  duck  (canvas),  free  from  seams;  they  slope  about  i^  inches 
to  the  foot.  They  are  fed  with  stamp-mill  pulp,  with  the  tailings  of 
vanners,  or,  best  of  all,  with  very  fine  pulp  overflowing  from  a  fine 
classifier.  The  rough  surface  of  the  duck  is  such  an  efficient  catch- 
ing surface,  that  they  can  run  for  an  hour  before  the  concentrates 
are  removed  —  an  operation  which  is  effected  by  shutting  off  the  feed 
pulp,  rinsing  the  surface  with  a  little  clean  water,  and  hosing  or 
brooming  off  the  concentrates  into  a  catch  box.  The  feed  pulp  is 
then  again  turned  on  and  the  work  resumed.  They  have  been  more 
successful  than  any  other  machine  in  treating  the  finest  pulp,  espe- 
cially when  their  concentrates  are  finally  cleaned  on  a  steep-slope 
end-shake  vanner. 

Buddies  act  in  principle  like  slime  tables,  but  they  are  stationary, 
and  they  allow  the  sand  to  build  itself  up  upon  the  conical  surface, 
which  is  surrounded  by  a  retaining  wall.  When  charged,  the  tailings 
are  shoveled  from  the  outer  part  of  the  circle,  the  middlings  from  the 
intervening  annular  part,  and  the  concentrates  from  the  inner  part. 
They  treat  somewhat  coarser  sizes  than  the  slime  table.  When  wooden 
blocks  or  cobble  stones  of  uniform  size  are  placed  in  the  bottom  of 
a  sluice,  the  spaces  between  them  are  called  riffles ;  and  when  gold- 
bearing  gravel  is  carried  through  the  sluice  by  a  current  of  water  a 
great  many  eddies  are  produced,  in  which  the  gold  and  other  heavy 
minerals  settle.  The  kieve^  or  dolly  tuby  is  a  tub  as  large  or  larger 
than  an  ordinary  oil  barrel,  with  sides  flaring  slightly  upwards  all  the 
way  from  the  bottom.  In  the  center  is  a  little  vertical  shaft,  with 
hand  crank  at  the  top  and  stirring  blades  Hke  those  of  a  propeller 
at  the  bottom.     Fine  concentrates  from  buddies  or  slime  tables  are 
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still  further  enriched  by  treatment  in  the  kieve.  The  kieve  is  filled 
perhaps  half  full  of  water,  and  the  paddles  set  in  motion ;  concentrates 
are  now  shoveled  in  until  it  is  nearly  full,  the  rotation  is  continued  a 
little  longer,  and  then  the  shaft  is  quickly  withdrawn  and  the  side 
of  the  kieve  steadily  thumped  by  a  bumping  bar  as  long  as  settling 
continues.  When  this  is  completed,  the  water  is  S)rphoned  off,  the 
top  sand  skimmed  off  and  sent  back  to  the  huddle,  and  the  enriched 
bottom  material  shoveled  out  and  sent  to  the  smelter. 

3.  Cotnbined  Operations.  —  In  designing  concentration  works, 
the  millwright  seeks  so  to  combine  the  various  methods  of  coarse 
and  fine  crushing,  and  of  preliminary  and  final  concentration,  that 
he  may  obtain  the  maximum  return  from  the  ore  with  the  minimum 
cost.  Some  of  the  more  important  of  these  mill  schemes  will  now 
be  described. 

The  hand-jig  process  used  for  the  zinc  and  lead  ores  of  Missouri 
is  first  to  clean  the  ore  from  adhering  clay  by  raking  it  back  and 
forth  in  a  sluice  with  a  running  stream  of  water,  and  then  shoveling 
it  upon  a  sloping  screen  with  holes  of  about  one  inch,  where  it  yields 
oversize  and  undersize.  The  former  is  hand-picked  into  lead  ore,  zinc 
ore,  and  waste,  while  the  latter  is  jigged  upon  a  hand  jig,  and  yields 
several  layers  of  minerals  removed  by  a  hand  skimmer.  The  top 
skimmings  are  waste,  the  middle  skimmings  come  back  with  the  next 
charge  to  be  jigged  over,  and  the  bottom  skimmings  go  to  a  second 
jig  with  finer  screen.  The  coarsest  of  the  hutch  product  goes  to  the 
second  jig;  the  finest  is  sold  to  a  sludge  mill.  The  second  jig  makes 
top  skimmings,  which  are  sent  back  to  the  first  jig ;  middle  skimmings, 
which  are  zinc  concentrates ;  and  bottom  skimmings  and  hutch,  which 
are  both  lead  concentrates.  In  the  Missouri  zinc-concentrating  mill 
the  ore  carrying  blende  and  calamine,  with  a  little  galena,  is  in  very 
large  crystallization,  and  contains,  when  crushed,  very  little  in  the 
way  of  included  grains.  It  is  crushed  by  Blake  breaker  and  rolls 
to  pass  through  a  sieve  with  holes  |  inch  in  diameter,  and  is  then 
treated  on  a  jig  with  six  consecutive  sieves,  yielding  discharge  and 
hutch  products  from  each  sieve,  and  tailings  to  waste.  The  earlier 
discharges  are  finished  products,  while  the  later  are  re-crushed  and 
then  re-treated  on  the  same  jig.  The  hutch  products  are  treated  on 
a  finishing  jig  with  five  sieves,  and  yield  galena  from  the  first  dis- 
charge, and  hutch  and  zinc  ore  from  the  others.  The  capacity  of 
such  jigs  is  very  large,  even  to  75  or  100  tons  per  day  of  ten  hours. 
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In  tke  diamond  washing  of  Kimberley,  South  Africa,  the  material 
taken  from  the  mine  is  weathered  by  exposure  to  the  air  and  rain  for 
several  months,  and  the  softening  and  disintegration  thus  well  started 
are  completed  by  stirring  in  vats  with  water.  Breaker  and  rolls  were 
tried  in  order  to  hasten  the  process,  but  the  larger  diamonds  were 
broken  and  ruined  thereby.  The  material  from  the  vats  is  screened 
and  jigged,  and  of  the  jig  concentrates  containing  about  2  per  cent, 
of  diamonds  the  coarser  are  hand-picked  and  the  finer  are  treated  on 
a  greased  surface. 

Lead  and  copper  ores  contain  their  values  in  brittle  minerals,  and 
are  concentrated  in  mills  which  vary  somewhat  according  to  local  con- 
ditions; the  one  here  outlined  is  typical  of  the  class.  The  ore  is 
crushed  by  breaker  and  rolls,  and  separated  into  a  series  of  products 
diminishing  in  size  by  a  set  of  screens,  hydraulic  classifiers,  and  box 
classifiers.  All  the  products  of  screens  and  hydraulic  classifiers  are 
jigged  on  separate " jigs,  yielding  concentrates,  middlings,  and  tailings; 
those  of  the  box  classifier  are  treated  on  the  slime  table,  vanner,  or 
Wilfley  table,  yielding  concentrates  and  tailings,  and  perhaps  middlings. 
The  coarser  middlings  contain  values  attached  to  grains  of  quartz,  and 
are  therefore  sent  back  to  be  re-crushed  and  re-treated.  The  finer 
middlings  contain  values  diflScult  to  save  only  on  account  of  their 
shape  —  for  example,  flat  grains  —  and  are  sent  back  to  the  same 
machine  or  to  another  to  be  finished. 

The  native  copper  rock  of  Lake  Superior  is  broken  by  powerful 
breakers,  sometimes  preceded  by  a  heavy  drop  hammer  weighing  nearly 
a  ton.  The  operation  is  accompanied  by  hand-picking,  yielding  rich 
nuggets  with  perhaps  75  per  cent,  of  copper  ready  for  the  smelter ;  at 
some  mines  a  second  grade  is  also  picked  out,  which  goes  to  a  steam 
finishing  hammer,  and  yields  cleaned  mass  copper  for  the  smelter  and 
rich  stamp  stuff.  The  run  of  rock  which  passes  by  the  hand  pickers 
is  of  a  size  that  will  pass  through  bars  3  inches  apart,  and  goes  to  the 
steam  stamps.  The  stamps  crush  the  rock  to  pass  through  a  screen 
with  round  holes  ^^  inch  in  diameter.  This  sand  is  treated  in  hydrau- 
lic classifiers  with  four  pockets,  the  products  from  the  pockets,  being 
jigged  by  four  roughing  jigs  yielding  finished  mineral  copper  for  the 
smelter,  included  grains  for  the  grinder,  partially  concentrated  products 
for  the  finishing  jigs,  and  tailings  which  go  to  waste.  The  overflow  of 
the  hydraulic  classifier  runs  to  a  tank,  the  overflow  of  which  is  sent  to 
waste  in  order  to  diminish  the  quantity  of  water,  while  the  discharge 
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from  beneath,  treated  upon  slime  tables,  yields  concentrates,  middlings, 
and  tailings.  The  middlings  are  re-treated.  The  stamp  mortars  are 
cleaned  out  periodically,  even  several  times  a  day,  and  yield  rich  nug- 
gets of  copper  and  also  unfinished  material,  which  is  sent  back  to  the 
mill.  Putting  all  the  finished  concentrates  together,  they  will  assay 
from  60  to  80  per  cent,  of  copper  according  to  circumstances.  The 
extraction  from  the  rock  is  from  50  to  80  per  cent,  of  the  copper 
contained  in  it. 

Cornwall  Tin,  —  Tinstone  in  Cornwall  occurs  associated  with  sul- 
phides, wolfram,  quartz,  feldspar,  slate,  etc.,  and  is  broken  by  spalling 
hammers  to  3-inch  lumps.  Hammers  make  less  slimes  than  the  rock 
breakers,  and  they  also  break  the  ore  more  advantageously  for  the 
hand-picking.  The  latter  rejects  waste,  removes  as  far  as  possible 
the  hurtful  wolfram,  and  classes  the  x^alues  into  groups  according  to 
richness.  Gravity  or  pneumatic  stamps  then  crush  the  ore  to  -^^  inch, 
and  it  is  then  treated  on  stripes  (a  species  of  long,  rectangular  bud- 
die),  which  yield  heads,  middlings,  tailings,  and  fine  slimes;  the  first 
three  are  sent  separately  to  circular  buddies  and  the  last  to  frames. 
The  buddies  yield  heads,  middlings,  and  tailings;  the  middlings  are 
re-treated,  the  tailings  are  all  waste ;  the  heads  are  still  further  enriched 
by  kieves,  which  yield  tops  to  the  huddle  again  and  bottoms  to  be 
shipped  to  the  smelter.  The  fine  slimes  are  treated  on  frames,  the 
concentrates  of  which  go  to  buddies ;  of  these  the  heads  go  to  kieves. 

The  Missouri  zinc-lead  sludge  mill  takes  the  finest  part  of  the 
hutch  product  of  the  hand  jigs.  The  treatment  begins  on  revolving 
screens  with  two  sizes  of  holes  —  25  millimeters  and  i  millimeter; 
these  take  out  two  coarser  sizes,  of  which  the  coarsest  is  waste  and 
the  other  is  jigged,  yielding  concentrates  and  waste.  The  main  treat- 
ment begins  with  the  finest  size,  which  is  much  the  largest  product. 
It  is  fed  to  a  convex  circular  huddle  (first  huddle),  and  yields  a  coarser 
product  at  the  outer  and  a  finer  product  in  the  inner  part  of  the  circle. 
The  finer  product  is  treated  by  a  series  of  buddlings  which  vary  some- 
what, but  in  general  are  as  follows :  fed  to  a  second  huddle,  it  yields 
zinc  and  lead  ore  in  the  centre,  next  zinc  ore,  then  middlings,  which 
come  back,  and,  outside  of  all,  tailings.  The  zinc-lead  ore  is  set  to 
one  side  until  enough  has  accumulated  to  make  a  huddle  run,  when  it 
is  run  upon  a  third  huddle,  yielding  in  the  central  part  pure  lead  con- 
centrates, next  lead  ore  (which  is  returned  to  this  treatment),  next 
zinc  ore,  and,  outside  of  all,  a  zinc  product,  which  is  fed  to  the  second 


288  Robert  K  Richards. 

buddle.  The  coarse  outside  product  of  the  first  buddle  is  treated  in 
much  the  same  way  as  the  fine,  but  it  yields  practically  no  lead-zinc 
product,  which  simplifies  the  series  of  buddlings  necessary. 

Gold  Mill.  —  Gold  ores  usually  contain  their  value  in  two  condi- 
tions—  the  free  gold,  which  can  be  taken  out  by  mercury,  and  the 
combined  gold,  in  which  the  metal  is  either  coated  with  or  combined 
with  compounds  of  sulphur,  tellurium,  etc.  The  usual  gold-milling 
scheme  is  to  crush  the  ore  by  rock  breaker  to  about  i^  inches  in 
diameter,  and  then  to  crush  with  water  by  gravity  stamps,  a  little 
mercury  being  added  to  the  mortar  from  time  to  time  to  begin  the 
amalgamation  at  the  first  moment  the  gold  is  liberated.  The  pulp 
leaves  the  mortar  through  a  screen  with  holes  or  slots  -^j^  to  ^^  inch 
in  width,  and  is  then  passed  over  amalgamated  plates  of  copper  or 
silver-plated  copper.  The  free  gold,  amalgamated  by  the  mercury, 
adheres  to  the  mercurial  surface  on  the  plate ;  the  rest  of  the  pulp 
flows  on  through  mercury  traps  set  to  catch  any  of  the  mercury  which 
drains  off  the  end  of  the  plate.  The  plateis  and  mortar  are  periodic- 
ally cleaned  up,  the  plates  being  scraped  to  recover  the  amalgam  and 
leave  them  in  good  condition  to  do  their  work ;  if  plates  are  used 
inside  the  mortar  they  are  cleaned  in  the  same  way.  The  residue 
of  partly  crushed  ore  in  the  mortar,  with  amalgam  and  free  mercury 
scattered  through  it,  is  ground  for  a  time  in  a  ball  mill,  panned  to 
recover  the  amalgam,  and  returned  to  the  mortar.  The  pulp  flowing 
away  from  the  mercury  traps  flows  to  a  Frue  vanner,  or  Wilfley  table, 
on  which  it  yields  concentrates  for  the  chlorination  plant  or  the  smelter 
and  tailings ;  the  latter  are  waste  when  the  heavy  mineral  is  of  low 
grade,  but  if  the  vanner  concentrates  are  of  high  grade  they  still  con- 
tain values  in  very  fine  sizes,  which  can  and  should  be  saved.  Improved 
methods  for  saving  this  material  have  been  made  recently  in  California. 
The  vanner  tailings  are  sent  to  a  fine  classifier,  from  which  the  light 
overflow  only  is  saved;  this  is  treated  upon  canvas  tables,  yielding 
concentrates  and  tailings,  and  these  concentrates,  treated  upon  a  little 
end-shake  vanner  with  steep  slope  and  rapid  travel,  give  clean,  very 
fine,  high  grade  concentrates  for  the  chlorination  works. 

Iron  Ore,  —  The  brown  ores  of  iron  from  surface  deposits  are  con- 
taminated with  a  considerable  amount  of  clay  and  some  quartz.  The 
crude  ore  from  surface  pits  or  shallow  underground  workings  is  treated 
in  a  log  washer,  and  yields  the  fine  clay,  which  runs  to  waste,  and  the 
coarse  material,  which  is  caught  upon  a  screen  and  hand-picked,  to  free 
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it  from  the  little  quartz,  or  jigged  if  it  contains  too  much  quartz.  The 
magnetic  oxide  of  iron  occurs  associated  with  feldspar  and  quartz,  and 
can  often  be  separated  from  them  by  the  magnet.  The  ore,*  after  being 
broken  by  breaker  and  rolls  to  a  size  varying  from  \  to  -^^  of  an  inch 
in  diameter,  goes  to  a  magnetic  machine,  which  yields  (i)  the  strongly 
magnetic,  (2)  the  weakly  magnetic,  and  (3)  the  non-magnetic  portions. 
The  second,  or  middlings,  product  contains  grains  of  magnetite  attached 
to  quartz,  and  is,  therefore,  re-crushed  and  sent  back  to  the  magnets ; 
the  strongly  magnetic  portion  is  shipped  to  the  furnace,  and  the  waste 
to  the  dump  heap.  In  concentrating  certain  zinc  sulphides,  siderite 
(carbonate  of  iron)  follows  the  zinc  and  would  seriously  injure  the  fur- 
nace work.  By  a  carefully  adjusted  roasting  of  the  product  in  a 
furnace,  the  siderite  is  converted  into  magnetic  oxide  of  iron,  and  can 
then  be  separated  from  the  zinc  ore.  A  special  magnet  of  very  high 
power  has  been  designed  for  treating  the  franklinite  of  New  Jersey  — 
a  mineral  which  is  non-magnetic  in  the  usual  machines.  The  ore, 
crushed  by  breaker  and  rolls  and  hand-picked  to  remove  garnet,  is 
treated  upon  a  belt  with  a  roughing  magnet  to  take  out  the  most 
magnetic  portion,  and  is  then  very  closely  sized  by  screens  with  16, 
24,  30,  and  50  meshes  per  linear  inch,  respectively.  The  several 
products  are  fed  to  separate  magnetic  machines,  yielding  the  franklin- 
ite, which  is  treated  by  the  zinc-oxide  grates,  and  afterward  by  the 
Spiegel  furnace;  the  residue,  which  is  jigged,  and  yields  the  zinc  sili- 
cate and  oxide  for  the  smelter  furnaces  and  waste  carrying  the  calcite, 
quartz,  and  mica. 

Gold  dredging  is  the  method  employed  for  saving  the  values  from 
gold-bearing  sand  and  gravel  in  river  bottoms.  A  flat  boat  is  built, 
provided  with  guy  ropes  or  spuds,  or  both,  for  holding  it  still.  The 
spuds  are  vertical  posts,  or  legs,  which  can  be  forced  down  by  powerful 
tackles  through  sockets  in  the  boat,  and  so  lift  it,  as  it  were,  upon  legs. 
At  one  end  of  the  boat  is  a  powerful  endless-chain  bucket-dredge, 
which  scrapes  the  gravel  from  the  bottom  and  elevates  it  to  a  revolv- 
ing screen  in  the  boat.  This,  in  turn,  sifts  out  the  bowlders,  which  are 
at  once  elevated  to  the  bank  of  the  river,  while  the  fine  material  flows 
over  tables  covered  with  cocoa  matting,  which  acts  like  fine  riffles, 
catching  the  gold  in  the  interstices.  The  matting  is  periodically  lifted 
up  and  thoroughly  rinsed  off.  The  rinsings  are  panned  for  gold,  and 
the  matting  returned  for  another  charge.  The  fine  sand  and  gravel 
passing  over  the  end  of  the  tables  is  sent  by  the  elevator  to  the 
river  bank. 
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Asbestos^  when  of  good  quality,  is  in  compact  masses,  which  by 
suitable  bruising  and  beating  are  resolved  into  fine,  flexible  fibers. 
The  Canadian  asbestos  is  associated  with  serpentine.  It  is  crushed 
by  breakers  to  \  inch,  and  then  screened  on  ^^^-inch  screens  to  reject 
fines.  The  values  are  removed  by  hand-picking,  and  are  crushed  by 
rolls  carefully  set  so  as  not  to  break  the  fiber.  This  product  is  then 
sized  by  screens,  and  the  various  sizes  are  sent  to  the  Cyclone  pulveri- 
zer, which  by  beating  liberates  the  individual  fibers.  It  then  goes  to 
a  screen  with  eleven  holes  to  the  linear  inch,  and  yields  a  granular 
undersize  and  oversize,  and  also  a  fibrous  oversize  which  is  drawn  off 
by  a  suction  fan  to  a  settling  chamber  with  air  outlets  covered  by  fine 
screen  cloth.  This  fibrous  product  is  the  clean  mineral  for  the  market. 
A  special  treatment  separates  the  fibers  of  different  lengths. 

The  usual  method  of  dressing  corundum  and  emery^  after  the  pre- 
liminary breaking,  is  to  treat  the  material  in  an  edgestone  mill  fitted 
with  light  wooden  rollers.  The  action  is  that  of  grinding  one  particle 
against  another,  whereby  the  talc,  chlorite,  mica,  etc.,  are  worn  off  from 
the  harder  mineral.  A  constant  current  of  water  carries  off  the  light 
impurities.  This  is  called  the  "muUer*'  process.  At  Corundum  Hill, 
North  Carolina,  the  first  step  in  removing  the  impurities  from  "  sand  " 
corundum  is  to  subject  it  to  the  scouring  action  of  a  stream  of  water 
while  it  is  being  sluiced  from  the  mine  to  the  mill,  the  action  being 
increased  by  several  vertical  drops  of  5  to  lO  feet  in  the  sluice.  After 
reaching  the  mill,  all  that  will  not  pass  through  a  14-mesh  screen  is 
crushed  by  rolls,  and  the  undersize  of  the  screen  is  treated  in  a  wash- 
ing trough ;  this  removes  part  of  the  light  waste,  and  the  **  muUers " 
mentioned  above  complete  the  cleaning. 

Graphite  occurs  in  schist,  but  being  of  less  specific  gravity  than 
the  other  minerals  which  enter  into  the  composition  of  the  schist,  it 
settles  later  than  they  do.  It  also  breaks  into  thin  scales,  which 
reduces  its  settling  rate  still  further.  The  ore  is  broken  by  breakers 
and  by  Chile  edgestone  mills  or  by  gravity  stamps  to  a  size  varying 
with  the  character  of  the  minerals,  the  size  varying  from  perhaps  -^-^  to 
-^-^  inch  in  diameter.  The  pulp  is  then  conveyed  through  a  series  of 
settling  tanks,  of  which  the  later  are  larger  than  the  earlier.  The 
quartz  and  other  waste  minerals  settle  in  the  earlier  tanks,  while  the 
graphite  settles  later;  the  latest  tank  gives  the  best  graphite.  In 
the  Dixon  Company's  works  in  New  York  some  forms  of  concentrators 
are  believed  to  have  replaced  the  slower  settling  tanks. 
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Gold  Hydraulicking.  —  The  gold  contained  in  superficial  gravel 
deposits  is  saved  by  one  of  the  several  schemes  included  in  hydrau- 
licking. A  source  of  water  power  with  very  high  head  furnishes  the 
water  to  a  powerful  jet  called  a  **  giant  *' ;  this  washes  down  the  gravel 
bank,  and  conveys  the  coarse  and  fine  material  first  to  a  head  sluice 
with  riffles,  which  may  be  100  feet  or  more  long,  and  then  to  a  tail 
sluice,  also  with  riffles,  which  may  be  several  miles  long.  Periodically 
—  once  a  month,  perhaps  —  the  head  sluice  is  cleaned  up,  the  riffle 
blocks  being  removed  and  cleaned,  and  the  sand  which  is  washed  down 
and  caught  in  a  temporary  tank  at  the  foot  panned  for  its  gold  with 
hand  pans.  The  riffle  blocks  are  then  replaced  and  work  proceeds  as 
before.  At  the  end  of  the  season  the  long  tail  sluice  also  is  cleaned 
up  in  the  same  way.  Gravel  containing  five  cents  a  cubic  yard  has  in 
places  paid  well. 

The  phosphates  of  Florida  are  of  four  kinds :  hard  rock,  soft  rock, 
land  pebble,  and  river  pebble.  The  hard  rock  is  crushed  by  toothed 
rolls  and  cleaned  in  log  washers.  The  washed  product  is  screened; 
the  sizes  finer  than  J^  inch  are  thrown  away  because  too  poor ;  the 
other  sizes  are  dried  and  sold,  some  waste  having  been  picked  out  of 
the  coarsest.  The  soft  rock  is  simply  dried,  ground,  and  sold.  Land 
pebble  is  treated  by  log  washers,  any  clay  balls  remaining  being 
removed  by  a  screen,  and  the  phosphate  dried  and  sold.  In  special 
cases  land  pebble  is  treated  by  hydraulicking,  followed  by  a  log  washer, 
and  this  again  by  a  powerful  jet  washer,  to  remove  the  last  of  the 
clay.  River  pebble  is  taken  from  the  river  by  centrifugal  pumps,  and 
screened  on  two  screens  with  i-inch  and  J^-inch  holes,  respectively; 
the  oversize  of  the  first  sieve  and  the  undersize  of  the  second  sieve 
are  thrown  away  because  of  too  low  grade. 
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SCHOOL   LABORATORY   WORK:    A   FREE^MTLLING 

GOLD  RUN} 

By   ROBERT   H.    RICHARDS   and  E.   E.   BUGBEE. 

Friends  often  ask  how  accurate  the  work  of  our  little  stamp  mill 
is,  or  express  the  opinion  that  a  little  mill  cannot  do  good  work.  As  a 
reply  we  would  like  to  place  on  record  the  results  of  a  few  tests. 

There  are  two  periods  of  work  in  our  laboratory:  the  fall  term, 
when  the  class  collectively  goes  through  all  our  chief  laboratory  proc- 
esses ;  and  the  spring  term,  when  the  students  work  up  their  theses, 
each  electing  some  one  process  or  investigation,  and  devoting  himself 
wholly,  or  almost  wholly,  to  that. 

Some  of  the  tests,  the  results  of  which  are  recorded  in  this  paper, 
were  made  in  the  fall  term ;  the  preparation  of  the  apparatus,  the  sam- 
pling, and  the  assaying  being  done  largely  by  assistants,  with  the  aid  of 
the  students.  Others  were  made  in  the  spring  term  as  thesis  work, 
and  the  results  are  due  wholly  to  the  students. 

The  complete  "tree"  of  our  process  is  patterned  after  the  most 
approved  California  mill  practice.  It  is  modified  only  where  the  small- 
scale  method  must  differ  from  the  large,  in  order  to  secure  results  from 
a  brief  test  lasting  a  few  hours,  followed,  perhaps,  by  an  interval  of 
many  months  between  tests,  which  seek  to  rank  in  accuracy  with 
those  of  the  large-scale  work,  running  over  months  and  years  Of 
continuous  work,  broken  only  by  brief  intervals  for  cleaning  up. 

We  use  no  battery  plates,  because  we  believe  the  loss  due  to  absorp- 
tion of  gold  by  the  copper  may  be  greater  than  the  gain  from  using 
them. 

We  use  silver  amalgam  on  our  apron  plate,  painting  it  on  before 
the  run  and  scraping  it  off  with  the  gold  contents  afterwards,  for  two 
reasons :  it  renders  the  plate  very  quick  to  catch  gold,  and  it  renders 
the  loss  from  absorption  by  the  copper  plate  insignificant,  or  prevents 
it  altogether. 


^  Reprinted  from  the    Transactions  of  the  American   Institute  of  Alining  Engineers, 
Albany  meeting,  February,  1903. 


School  Laboratory  Work:  A  Free-Milling  Gold  Run, 
Tree  of  Process. 

Ore 

3  in.  X  4  in.  Blake  to  \\  in.  diameter 

Sampled  by  alternate  shovels 
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Embrey  vanner 


Tailings 


Heads 


J 


Tailings 


Our  canvas  and  fine  vanner  plant  for  treating  the  extremely  fine 
tailings  is  that  known  as  the  Gates  canvas  plant,  originally  designed 
by  G.  G.  Gates  and  installed  at  the  Kennedy  mine,  Jackson,  California. 
Since  it  has  been  demonstrated  clearly  that  this  canvas  plant  can  pay 
only  when  the  assay  of  concentrates  is  high  or  when  the  percentage 
of  concentrates  is  large,  we  do  not  always  choose  this  run  as  the  one 
to  illustrate  to  students  the  wonderful  catching  power  of  canvas  for 
extremely  fine  concentrates.  We  do,  however,  make  it  our  practice  ta 
separate,  by  classifying,  the  coarse  Frue-vanner  tailings  from  the  fine,, 
thereby  preparing  for  canvas  should  we  decide  to  use  it. 

Sampling,  —  Many  of  the  ores  we  run  would  come  unc^er  the  head 
of  **  rich  spotty "  ores,  as  the  Colorado  phrase  is.     To  crush  and  cut 
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down  such  an  ore,  according  to  best  Colorado  rules  of  sampling,  would 
require  breaking  the  whole  batch  of  from  500  to  1,000  pounds  down  to 
10  or  even  30  mesh.  This  would  ruin  our  gold  stamp-mill  run.  We 
are  thus  put  in  the  odd  position  of  having  to  choose  between  sampling 
the  lot  according  to  the  best  rules  for  -safe  work  and  spoiling  the  stamp 
run,  or  of  making  a  stamp-mill  run,  using  only  a  very  crude  sample  for 
valuation,  which  we  could  not  possibly  defend  on  the  score  of  accuracy. 
It  is  needless  to  say  we  choose  the  latter  method. 

The  mill  and  vanner  were  run  under  the  following  conditions  : 

Apron  plate  of  copper  6  feet  long,  2  feet  wide,  covered  with  silver 
amalgam;  number  of  stamps,  3;  weight  of  each  stamp,  225  pounds; 
diameter  of  shoe,  5.75  inches ;  number  of  drops,  98  per  minute  ;  height 
of  drop,  from  4.25  to  5.75  inches;  height  of  discharge,  4.75  inches; 
screen,  horizontally  slotted,  openings  -^^  inch  wide ;  rate  of  crushing, 
57  to  94  kilos,  per  hour;  plate  slope,  1.5  inches  per  foot;  feed  water 
to  the  battery,  1 5  kilos,  per  minute ;  wash  water  on  vanner,  from  4  to 
8  kilos,  per  minute;  Frue  vanner  slope,  3.5  to  4.5  inches  in  12  feet; 
number  of  shakes,  198  per  minute ;  belt  travel,  from  40  to  60  inches 
per  minute;  canvas  table,  10  feet  long,  4  feet  wide ;  canvas-table  slope, 
1.5  inches  per  foot;  canvas-table  feed,  10  kilos,  water  per  minute  and 
from  0.7  to  0.8  kilos,  dry  ore  per  minute;  Embrey  vanner,  1.5  inches 
per  foot  slope,  80  inches  per  minute  travel  of  belt,  240  vibrations  of  0.5 
inch  per  minute. 

The  mill  is  a  little  3-stamp  Fraser  and  Chalmers  prospecting  mill 
of  1882.  It  is  very  satisfactory  in  all  respects  except  the  number  of 
stamps.  A  school  battery  should  have  either  two  or  five  stamps ;  the 
former  is  preferred  by  us.  Three  stamps  cannot  have  an  order  of  drop 
which  satisfactorily  distributes  the  sand. 

The  vanner  is  a  standard  4-foot  Frue,  made  by  Fraser  and  Chal- 
mers in  1882.  It  is  a  very  good  one,  the  belt  being  today  as  good  as 
new.     It  is  run  from  five  to  ten  days  in  a  year. 

The  canvas  table  is  supplied  with  an  accurate  distributer.  The 
canvas  is  No.  6  cotton  duck,  with  the  warp  laid  across  the  table  for" 
the  greatest  roughness,  and  is  cut  from  a  roll  woven  10  feet  wide. 
The  feed  water  is  the  quantity,  and  the  pulp  is  two  to  three  times  the 
quantity  used  by  the  Gates  canvas  plant.  The  copper  plate  is  \  inch 
thick,  of  softest  copper. 

The  amalgam  is  made  by  dissolving  95  grammes  of  silver  in  380  c.c. 
of  nitric  acid  (1.2  sp.  gr.),  with  addition  of  817  c.c.  of  water  after  solu- 
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tion.  Pure  mercury  is  then  added  at  the  rate  of  16  parts  of  mercury 
to  I  part  of  silver.  It  should  be  stirred  at  short  intervals  during  the 
formation  of  the  amalgam.  The  result  is  a  soft  amalgam,  clean  and 
free  from  crystals  or  mercurous  nitrate.  Failure  to  follow  this  rule 
exactly  is  liable  to  give  a  very  impure  amalgam,  which  will  require 
time  and  trouble  to  clean. 

The  apron  plate  is  cleaned  preparatory  to  the  application  of  silver 
amalgam  as  follows :  it  is  washed  off  with  water,  scoured  with  wet 
infusorial  earth  or  very  fine  sand,  and  then  washed  off  with  water 
again.  Obstinate  black  spots  can  be  removed  by  scouring  with  a  flat 
piece  of  pumice  stone  and  water,  adding  mercury  to  plate  the  cleaned 
copper.  It  is  then  washed  all  over  with  a  strong  solution  of  cyanide, 
adding  mercury,  again  rinsed  off  with  water,  and  then  rubbed  dry  with 
clean  cloth  or  cotton  waste  which  must  be  free  from  oiL  A  moderate 
quantity  of  mercurj^  is  now  rubbed  on  without  water,  after  which  the 
plate  is  ready  for  the  amalgam.     No  water  is  allowed  upon  it  yet. 

The  clean  amalgam  is  squeezed  in  chamois  skin  to  a  moderately 
hard  ball,  and  rubbed  without  water  on  the  clean,  bright,  amalgamated 
copper  surface  of  the  apron  plate.  (A  flat,  bristle  paste  brush  may  be 
useful  to  obtain  an  even  distribution.)  This  coating  is  quick  to  catch 
gold,  and  prevents  the  gold  from  coming  in  contact  with  the  copper. 
No  water  is  allowed  upon  it  until  stamping  begins. 

After  the  run,  the  plate  is  rinsed  off  with  water,  and  the  amalgam 
scraped  off  as  clean  as  possible  with  a  rubber  scraper.  More  mercury 
is  rubbed  on,  and  the  plate  is  again  scraped.  This  is  repeated  twice 
more,  and  all  the  amalgam  is  put  together.  If  there  is  any  hard  amal- 
gam which  has  not  been  removed,  it  is  gently  rubbed  with  a  flat  piece 
of  pumice  stone  in  the  presence  of  water  and  mercury,  and  so  removed 
without  injury  to  the  plate.  The  amalgam  from  the  plate,  combined 
with  that  from  the  traps,  is  retorted ;  the  residue  is  melted  with  borax 
in  a  crucible,  and  the  bullion  is  parted  for  gold. 

The  battery  residue  is  worked  up,  as  shown  in  the  tree  of  the  proc- 
ess, yielding  amalgam,  Wilfley  heads,  coarse  tailings,  and  fine  tailings, 
which  are  added  to  the  main  portions  of  these  products. 

Since  the  battery  is  fed  with  pure  mercury,  while  the  apron  plate 
is  coated  with  silver  amalgam,  the  battery  amalgam  enables  us  to  get 
a  valuation  on  the  fineness  of  the  gold  caught  at  this  point.  We  have 
no  means  to  get  this  ratio  on  the  portion  of  the  gold  caught  on  the 
apron  plate. 
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The  mercurous  nitrate  and  a  little  residual  silver  nitrate  from 
making  silver  amalgam  are  worked  over  for  mercury  and  silver  by 
immersing  strips  of  iron  in  the  liquid,  which  precipitates  the  metals 
as  amalgam. 

The  results  of  seven  tests  are  given  here. 


Ore  No.  2,423,  from  Nova  Scotia,  November  12,  1901.    Class  Work. 
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Ore  fed 

384.8 

1.03 

0.003531 

13.6873 

.    . 

Products: 

Battery  and  ball-mill  gold 

.    . 

.    . 

14.1545 

87.40 

Plate  and  trap  gold 

•    . 

.    . 

.    .    . 

0.6786 

4.19 

Vanner  and  Wilfley  heads 

19.9 

0.84 

0.002868 

0.6706 

3.53 

Vanner  and  Wilfley  coarse  tailings 

225.2 

0.06 

0.000213 

0.4794 

2.96 

Vanner  and  Wilfley  fine  tailings 

139.0 

0.06 

0.000206 

0.2860 

1.77 

Unaccounted  for 

0.7 

•1.03 

0.003531 

0.0247 

0.15 

Total 

384.8 

•    • 

•   •   • 

16.1940 

100.00 

*  Assumed  fpr  purposes  of  calculation. 

Per  cent,  of  gold  contents  saved  by  amalgamation      .        .  91-59 
Per  cent,  of  gold  contents  in  vanner  concentrates        .        .        .  3.53 

Total 9S-I3 

Ox.  per  too. 

Assay  by  fire •         .  1.03 

Assay  based  on  mill  run 1.23 


School  Laboratory  Work :  A   Free-Milling  Gold  Run, 
Okk  No.  2,425,  F&OM  Nova  Scotia,  November  19,  1901.    Class  Work. 
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0.5475 

.    . 
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Battery  and  ball-mill  gold 

.    . 

.  . 

.    .    . 

0.0;^966 

5.40 

Plate  and  trap  gold 

.    . 

0.27700 

37.72 

Vanner  and  Wilfley  heads 

11.6 

0.06 

0.0001936 

0.02246 

3.06 

Vanner  and  Wilfley  coarse  tailings 

178.9 

0.05 

0.0001695 

0.30326 

41.34 

Vanner  and  Wilfley  fine  tailings 

62.1 

0.03 

0.0001628 

0.06387 

8.70 

Unaccounted  for 

13.6 

•0.06 

0.0002057 

0.02777 

3.78 

Total 

266.1 

•    • 

0.7:«02 

100.00 

*  Assumed  for  purposes  of  calculation. 

Per  cent,  of  gold  contents  saved  by  amalgamation 
Per  cent,  of  gold  contents  in  vanner  concentrates 


Total 


43.12 
3.06 

46.18 

Oz.  per  ton. 

Assay  by  fire 0.06 

Assay  based  on  mill  run 0.08 
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Ore  No.  2,444,  from  Nova  Scotia,  November  4,  1902.    Class  Work. 
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0.001440 
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7.68 

Vanner  and  Wilfley  coarse  tailings 

180.7 

0.02 

0.00006857 

0,1280 

4.94 

Vanner  and  Wilfley  fine  tailings 

81.6 

0.025 

0.00008570 

0.0699 

2.70 

Unaccounted  for 

16.1 

*0.025 

0.00008570 

0.0138 

0.53 

Total 

298.2 

•    • 

.    .    . 

2.5885 

100.00 

*  Assumed  for  purposes  of  calculation. 

Per  cent,  of  gold  contents  saved  by  amalgamation       .         .  84.15 
Per  cent,  of  gold  contents  in  vanner  concentrates        .        .         .  7.68 

Total 91.83 

Oz.  per  ton. 

Assay  by  fire 0.16 

Assay  based  on  mill  run 0-253 
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Ore  No.  2,444,  from  Nova  Scotia,  November  ii,  1902.    Class  Work. 
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Battery  and  ball-mill  gold 
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.    .    . 

1.9969 
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Plate  and  trap  gold 

•  • 

•    . 

.    .    . 

0.2022 

7.61 

Vanner  and  Wilfley  heads 

15.0 

0.42 

0.001440 

0.2160 

8.12 

Vanner  and  Wilfley  coarse  tailings 

2O0.2 

0.02 

0.00006857 

0.1407 

5.29 

Vanner  and  Wilfley  fine  tailings 

107.4 

0.025 

0.00008570 

0.0921 

3.46 

Unaccounted  for 

11.2 

*0.025 

0.00008570 

0.0096 

0.36 

Total 

:i38.8 

•    • 

.    .    . 

2.6575 

100.00 

*  Assumed  for  purposes  of  calculation. 

Per  cent,  of  gold  contents  saved  by  amalgamation 
Per  cent,  of  gold  contents  in  vanner  concentrates 

Total 


82.77 
8.12 


90.89 

Oz.  per  ton. 

Assay  by  fire o.  1 5 

Assay  based  on  mill  run 0.229 
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Ore  No.  2,444,  from  Nova  Scotia,  November  18,  1902.    Class  Work. 
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Battery  and  ball-mill  gold 
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.   .   . 

1.9820 

76.44 

Plate  and  trap  gold 

.    • 

.    . 

.    .   . 

0.0850 

3.28 

Vanner  and  Wilfley  heads 

12.0 

0.40 

0.001378 

0.1769 

6.82 

Vanner  and  Wilfley  coarse  tailings 

201.2 

0.03 

0.0001028 

0.2069 

7.98 

Vanner  and  Wilfley  fine  tailings 

114.1 

0.035 

0.0001200 

0.1370 

5.28 

Unaccounted  for 

4.4 

•0.035 

0.0001200 

0.0063 

0.20 

Total 

332.6 

! 

2.5931 

100.00 

7972 
6.82 


*  Assumed  for  purposes  of  calculation. 

Per  cent,  of  gold  contents  saved  by  amalgamation 
Per  cent,  of  gold  contents  in  vanner  concentrates 

Total     .         .  86.54 

Oz.  per  too 

Assay  by  fire 0.25 

Assay  based  on  mill  run 0.227 
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Ore  No.  2,444,  from  Nova  Scotia,  February,  1902.     Thesis  op  C.  H.  Burr  and 

B.  £.  McKechnie. 
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0.13 
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Battery  gold 
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2.01902 

72.53 

Plate  gold 
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.    . 

.   .   . 

0.22736 

8.17 

Vanner  heads 

16.8 

0.44 

0.001511 

0.25380 

9.39 

Vanner  coarse  tadlings 

208.6 

0.02 

0.00007401 

0.16444 

6.54 

Vanner  fine  tailings 

122.3 

0.03 

0.00009900 

0.12107 

4.35 

Unaccounted  for 

8.5 

•0.02 

0.00007 

0.00566 

0.20 

Total 

356.2 

•    • 

.   .   . 

2.78135 

100.18 

*  Assay  assumed  for  purposes  of  calculation. 

Per  cent,  of  gold  contents  saved  by  amalgramation 
'        Per  cent,  of  gold  contents  in  vanner  concentrates 

Total 


80.70 

939 

90.09 


Ox.  per  ton. 

Assay  of  ore  by  fire 0.13 

Assay  based  on  mill  run o.2i22 
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Ore  No.  2,361,  from  Nova  Scotia,  March,  1901.     Thesis  of  Henry  C.  Marcus. 


Ore  fed 

Products  : 
Battery  gold 
Plate  gold 
Vanner  heads 
Vanner  coarse  tailings 
Vanner  fine  tailings 
Unaccounted  for 


Total 


256.30 
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43.45 
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0.000444 


0.000:^77 
0.000069 
0.000195 
0.000195 


1.13797 

2.38210 
0.51440 
0.05904 
0.13156 
0.08493 
0.01043 


3.18252 
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74.84 
16.16 
1.86 
4.13 
2.67 
0.33 


99.99 


*  Assumed  for  purposes  of  calculation. 

Per  cent,  of  gold  contents  saved  by  amalgamation 
Per  cent,  of  gold  contents  in  vanner  heads 

Total 92.86 


91.00 
1.86 


Oi.  per  ton. 

Assay  of  ore  by  fire .0.13 

Assay  based  on  mill  run 0.36 
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Summary  of  the  End  Results  of  the  Seven  Tests. 


Pbrcsntagk  of  Gold  in  Cki-dk  Ore. 
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2,42:i 
2,425 
2,444 
2,444 
2,444 
2,444 
2,361 

87.40 
5.40 
78.43 
75.16 
76.44 
72.53 
74.84 

4.19 
37.72 
5.72 
7.61 
3.28 
8.17 
16.16 

2.96 
41  .:U 
4.94 
5.29 
7.98 
5.54 
4.13 

1.77 
8.70 
2.70 
3.46 
5.28 
4.35 
2.67 

0.15 
3.78 
0.53 
0.36 
0.20 
0.20 
0.33 

i.o;3 

0.06 
0.16 
0.15 
0.25 
0.13 
0.13 

1.23 

0.08 

0.253 

0.229 

0.227 

0.222 

0.36 

Attention  is  called  to  the  slight  variation  in  the  mill  assay  of  the 
four  tests  on  No.  2,444,  ^rid  also  to  the  considerable  variation  in 
the  assays  by  fire. 

Remarks.  —  The  method  here  used  in  tabulating  the  results  of  a 
test  has  been  found  to  be  a  most  concise  and  satisfactory  one.  As  the 
value  of  the  ore  obtained  by  the  mill  run  is  much  more  accurate  than 
that  based  on  the  assay  of  the  ore,  the  percentages  found  in  the  column 
headed  "  Per  cent,  of  the  total  gold  "  are  based  on  the  total  gold  in  the 
ore  as  found  by  the  mill  run,  and  not  on  the  assay  of  the  feed ;  in  fact, 
one  of  the  objects  of  this  work  is  to  show  the  student  the  impossibility 
of  valuing  a  free-milling  gold  ore  by  sampling  and  assaying. 

The  degree  of  accuracy  attained  here  is,  we  believe,  up  to  that  of 
the  very  best  mill  practice.  It  has  been  attained  by  locating  the  causes 
of  error,  and  then  by  removing  them  as  completely  as  possible,  even  by 
departing,  if  necessary,  from  large-scale  mill  methods. 
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THE    WATER    SUPPLIES  OF  SOUTHEASTERN  ALASh^A. 

By   ELLEN   H.    RICHARDS. 

Two  considerations  led  me  to  take  the  portable  laboratory  ^  with  me 
on  the  long  journey :  first,  that  its  use  might  be  tested  under  very  dif- 
ferent conditions  from  those  under  which  the  Mexican  water  supplies 
were  examined  ;'-*  and  second,  because  a  record  of  the  condition  of  the 
available  waters  in  this  early  stage  of  the  development  of  the  country 
must  have  a  certain  \^lue  in  the  future. 

The  tables  may  seem  to  be  meagre  in  comparison  with  those  which 
are  made  from  the  testing  of  gallon  samples  in  a  fully  equipped  labora- 
tory, but  it  is  believed  that  a  good  idea  may  be  obtained  of  the  general 
character  of  the  waters  on  the  given  date. 

At  present  there  are  no  **  wells/'  as  the  term  is  generally  applied, 
in  the  coast  towns  \isited.  In  all  the  localities  where  there  is  anything 
approaching  level  ground  there  has  accumulated  from  the  luxuriant  vege- 
tation rich  black  peaty  soil  of  great  depth  ;  a  thickness  of  5  to  1 5  feet 
is  common. 

In  the  rainy  season  this  holds  water  like  a  sponge,  so  that  hollows 
scooped  out  4  or  5  feet  deep,  with  sides  supported  by  a  rough  wooden 
-curb  or  left  sloping  inwards,  readily  fill  with  water,  which  collects  again 
as  it  is  dipped  out. 

These  pools  serve  the  Indians  for  the  scanty  supply  they  use,  and 
as  they  are  dug  on  the  hillside  at  some  distance  from  the  houses,  which 
are  huddled  together  on  the  shore,  there  does  not  seem  great  danger 
from  contamination  other  than  from  unclean  vessels  and  hands  used 
in  dipping  up  the  water. 

The  25th  of  July  was  toward  the  end  of  the  dry  season,  and  the 
pools  were  dry  or  very  low,  although  the  vegetation  was  rank  and 
vigorous. 

1  Tf.chnolcxjy  Qtartrrly,  Vol.  XIV,  p.  295. 

^  Transactions^  A.  L  M,  E.,  Mexican  meeting,  Nov.»  1901. 
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This  black  water  is  quite  a  feature  of  the  country.  In  the  vicinity 
of  Sitka,  for  instance,  where  it  has  collected  in  lakelets  as  black  as 
ink ;  indeed,  containing  iron  and  tannin,  it  is  one  variety  of  ink.  The 
white  population  do  not  use  this  water  (one  of  the  ship's  officers  said, 
"  The  water  is  poison  all  along  this  coast "),  but  depend  very  largely 
upon  cisterns,  which  in  that  climate  seem  to  furnish  abundance  of  good 
water.  Large  tanks  having  a  capacity  of  200  barrels  and  more  are 
frequently  found,  and  furnish  water  for  baths  and  laundry  purposes  in 
small  places  like  Fort  Wrangell,  where  the  little  stream  brought  from 
the  mountains  for  the  use  of  the  sawmill  is  highly  charged  with  iron. 

At  the  Indian  village  of  Killisnoo,  situated  on  an  island  where  the 
fish-oil  factory  is  in  operation  only  part  of  the  year,  instead  of  collect- 
ing the  rainfall,  the  engineer  of  the  factory  brings  water  in  a  scow 
from  a  creek  on  the  mainland,  and  allows  the  inhabitants  to  use  it  from 
the  tap  in  the  works,  otherwise  they  depend  on  the  dug  pits.  Judg- 
ing frorei  the  all-pervading  odor,  it  is  probable  that  cistern  water  would 
absorb  the  odor  from  the  factory  to  a  decided  degree.  This  water  was 
the  only  sample  obtained  on  the  trip  which  gave  high  results  in  chlorine 
and  ammonia. 

Most  of  the  towns  are  able  to  utilize  mountain  streams ;  sometimes 
these  are  really  of  glacial  water,  which  many  persons  consider  dangerous 
for  drinking. 

At  Juneau  some  further  provision  must  be  made  if  it  is  to  realize 
its  ambition  and  become  the  capital  of  Alaska,  since  the  use  of  the 
streams  for  hydraulic  work  is  liable  to  interfere  with  the  present  good 
quality.  Even  now  it  runs  so  turbid  that  it  is  filtered  through  a  bank 
of  sand  before  entering  the  pipes. 

On  Douglas  Island,  opposite  Juneau,  $1,000,000  have  been  spent  in 
cutting  a  trench  fifteen  miles  long,  intercepting  springs  and  streams  in 
order  to  obtain  a  sufficient  supply  for  the  Alaska-Treadwell  mills  for 
eight  months  in  the  year.     Therefore  this  should  be  a  typical  sample. 

At  Ketchican,  as  at  many  places  in  the  far  north,  the  only  supply 
in  winter  comes  from  melted  snow. 

Sitka  has  a  heavy  rainfall,  60  to  95  inches  annually,  and  is  well 
supplied  with  cisterns,  large  and  small.  The  sample  Number  17  in  the 
table  was  taken  from  the  large  cistern  of  the  United  States  Agricultural 
Experiment  Station,  which  furnishes  the  house  with  hot  and  cold  water. 
The  station  occupies  the  site  of  the  old  Castle  Baranoff,  on  an  eminence 
nearly  surrounded  by  water. 
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Indian  River  is  a  stream  of  good  volume,  clear  and  cold,  running  in 
a  shallow  layer  over  pebbles  about  half  a  mile  back  from  the  town,  from 
which  drinking  water  for  a  large  portion  of  the  inhabitants  is  hauled  in 
barrels,  or  in  the  same  square  oil  cans  used  in  Mexico.  It  was  delicious 
to  the  taste.  This  stream  was  said  to  have  "  mineral "  in  it,  and  was 
preferred  to  the  cistern  water.  The  analysis  does  not  seem  to  bear  out 
this  statement.  It  may  be  that  in  times  of  high  water  some  taste  is 
perceived,  but  the  mineral  content  is  low.  This  stream  could  be  util- 
ized for  a  town  supply,  if  the  demand  was  sufficient  for  the  installation 
of  water  works. 

The  nearest  to  an  ideal  supply  and  the  most  intelligent  use  of  it  is  at 
Skagway,  where  a  lake  of  considerable  area  —  Lake  Dewey  —  gives  an 
abundant  quantity  of  excellent  quality.  A  reservoir  was  built  in  1898 
in  a  depression  in  the  mountain  cliff  far  above  the  town,  where  the 
water  is  stored,  and  from  which  it  is  distributed  under  the  high  pressure 
due  to  the  elevation  of  the  reservoir. 

It  was  gratifying  to  find  a  considerable  knowledge  of  the  sources 
and  character  of  the  various  waters  even  among  the  common  people. 
This  may  be  because  so  many  of  them  are  from  the  Puget  Sound  region, 
where  remarkable  intelligence  is  shown  in  securing  safe  water.  Seattle 
and  Portland  are  in  strong  contrast  with  San  Francisco  and  many  cities 
in  the  Middle  West,  as  well  as  in  the  East,  where  it  is  difficult  to  secure 
appropriations  for  water  works.  At  Missoula,  Montana,  for  instance, 
we  were  told  by  a  waitress  that  the  town  supply  came  from  Rattle- 
snake Creek,  was  stored  in  a  reservoir,  and  that  it  was  the  purest  in 
the  state.  Many  more  highly  educated  people  in  the  East  are  ignorant 
of  the  source  and  quality  of  the  drinking  water. 

Typhoid  fever  is  almost  unknown  in  Seattle,  which  obtains  water 
from  Cedar  River,  thirty  miles  from  the  city.  The  water  is  stored 
in  reservoirs,  and  is  called  by  the  citizens  "  the  finest  in  the  country." 

A  question  of  great  interest  is,  does  the  rule  of  normal  chlorine  hold 
on  the  Pacific  coast  as  on  the  Atlantic  and  in  Mexico } 

In  order  to  give  an  approximate  answer,  samples  were  carefully 
collected  from  typical  stations  and  taken  to  Berkeley,  California,  where 
the  determinations  were  made  through  the  courtesy  of  the  authorities 
of  the  university.  My  thanks  are  due  to  Professors  Hilgard,  Jaffa, 
and  Colby  for  the  facilities  so  kindly  placed  at  my  disposal. 

In  so  far  as  conclusions  may  be  reached  by  the  results  on  single 
samples,  it  would  seem  that  we  may  rely   on    limits    previously  set, 
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namely,  that  beyond  75  to  100  miles  from  a  rocky  shore  the  normal 
chlorine  never  exceeds  i.oo  part  per  million,  and  on  the  other  hand  that 
it  is  never  entirely  absent,  falling  to  .4  or  .6  only. 

A  glance  at  the  map  will  show  that  Juneau  and  Skagway  are  just 
about  one  hundred  miles  from  the  open  ocean,  that  there  is  no  breaking 
of  the  waves  on  rocks  such  as  to  drive  spray  high  in  the  air  nearer  than 
fifty  miles  at  ^Vhite  Pass,  while  Fort  Wrangell  and  Ketchican  are  more 
exposed  on  the  south  to  the  open  sea  in  Dixon's  Entrance.  Douglas 
Island,  surrounded  by  salt  water,  gives  only  1.39  parts  of  chlorine,  and 
this,  as  has  been  shown,  is  a  typical  sample  of  mixed  water  approaching 
a  yearly  normal. 

Davidson  Glacier  is  the  eastern  portion  of  the  Muir  and,  therefore, 
is  not  exposed  to  the  winds  from  the  Pacific  shore  of  the  island,  and 
may  be  considered  to  show  the  residual  chlorine  in  the  air  sweeping 
over  the  entire  country,  as  in  our  own  Adirondacks  and  western  slopes 
of  the  White  Mountains. 

At  Sitka,  on  the  other  hand,  surrounded  by  the  ocean,  within  a 
few  miles  of  the  dashing  waves,  the  chlorine  content  of  the  water  is 
even  higher  than  in  the  waters  of  the  sand-surrounded  Nantucket  and 
Martha's  Vineyard.  It  may  be  noted  here  that  the  waters  supplying 
the  cities  of  Seattle,  Spokane,  and  Walla  Walla  show  1.50  parts  per 
million,  according  to  Professor  Byers,  of  the  State  University. 

As  bearing  on  the  question  of  the  interpretation  of  the  significance 
of  nitrites  and  nitrates  in  water,  it  is  to  be  noted  that  they  are  gener- 
ally absent  in  the  waters  from  these  primeval  hills,  rich  in  vegetation 
as  they  are.  Even  the  black  water  from  the  thick  peat  failed  to  yield 
nitrates,  which  are  so  abundant  in  the  black  prairie  soil  of  Illinois, 
once  the  home  of  the  buffalo.  Possibly  this  may  indicate  a  necessity 
for  inoculation  with  nitrifying  organisms  before  agriculture  will  be 
successful. 

The  absence  of  nitrites,  even  in  samples  showing  ammonia,  may 
also  be  due  to  absence  of  animal  contamination. 

On  the  whole  the  country  seems  to  be  well  provided  with  good  soft 
water  fairly  accessible.  It  is  to  be  hoped  that  medical  men  will  make 
careful  record  of  the  effects  noticed  from  the  use  both  of  the  glacial 
waters  and  the  peaty  waters,  so  that  the  question  of  their  harmfulness 
may  be  settled. 
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NOTES   ON  THE    WATER   SUPPLIES   IN   THE   BLACK 
HILLS   OF  SOUTH  DAKOTA   AND    VICINITY. 

By  ELLEN   H.    RICHARDS. 

Too  often  the  first  settlers,  whether  they  are  pioneer  agriculturists 
or  miners,  neglect  ordinary  precautions  as  to  the  purity  of  the  drinking 
water.  Through  this  neglect  the  sources  become  polluted,  epidemics 
follow,  and  not  until  some  strong  pressure  is  put  upon  them  do  either 
class  apply  the  necessary  remedy.  When  a  mining  company  has  lost 
a  few  of  its  most  valued  men  by  fever  it  begins  to  think  it  more  eco- 
nomical to  bring  in  safe  water,  even  at  considerable  expense.  The 
company  is,  to  its  credit,  usually  generous  to  the  community  when 
once  it  has  introduced  the  good  water.  There  are  discouragements  in 
changing  the  habits  of  a  frontier  town  if  once  they  have  depended  on 
wells.  The  ordinary  workman  does  not  take  much  stock  in  sanitary 
theories ;  because  the  glass  of  water  does  not  take  effect  as  quickly  as 
the  bullet,  he  scoffs  at  danger,  and  his  family  fall  victims  to  his  igno- 
rance. Criminal  indifference  occurs  higher  in  the  scale.  At  one  hotel, 
kept  with  decided  carefulness  in  most  respects,  a  certain  spring  water 
was  advertised  to  be  exclusively  used  on  the  table.  One  day  the  cart 
failed  to  go  to  the  spring,  and  the  town  supply,  dangerous  in  quality, 
was  substituted,  apparently  unnoticed  by  most  of  the  guests. 

Education  all  along  the  line  is  needed,  although  the  railroad  com- 
panies take  much  better  care  of  the  water  supplied  to  the  dining  cars 
than  was  the  case  a  few  years  since. 

No  better  work  can  be  undertaken  by  any  state  board  of  health 
than  a  sanitary  survey  of  the  waters  of  the  state,  the  results  to  be 
published  widely.  The  addition  to  information  of  a  geological  signifi- 
cance would  be  considerable ;  for  instance,  in  Spearfish  cailon  the 
layers  of  white  rock  are  called  gypsum,  but  none  of  the  waters  in 
that  valley  show  sulphates. 

In  the  semi-arid  regions  this  examination  is  increasingly  important, 
especially  because  a  study  of  peculiarities  is  needed  to  help  in  the 
interpretation  of  the  results  both  before  and  after  the  use  of  water  for 
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irrigation  purposes.  If  this  knowledge  is  not  obtained,  some  serious 
results  may  follow  the  re-use  of  irrigation  water. 

For  instance,  in  the  case  of  the  spring  water  brought  to  Edgemont 
(see  table),  what  is  the  significance  of  the  high  nitrates .?  Do  they 
indicate  an  old  buffalo  range,  or  was  this  spring  a  favorite  resort  for 
the  Indians?     Or  is  there  a  cause  in  present  surroundings.? 

The  contemporaneous  presence  of  ammonia  and  nitrites  would  seem 
to  indicate  the  latter,  and  to  demand  an  examination  of  conditions,  even 
though  a  condemnation  of  this  source  would  mean  bringing  in  by  train 
water  from  several  score  of  miles. 

An  instructive  set  of  results  is  given  by  the  samples  from  Dead- 
wood  and  Lead.  The  stream,  coming  originally  from  the  hills,  has 
been  used  for  several  mining  and  milling  operations,  and  the  presence 
of  ammonia  and  nitrites  indicates  a  degree  of  contamination.  The  pre- 
cipitous and  rocky  bed  gives  no  chance  for  the  formation  of  nitrates 
in  quantity;  the  constant  addition  of  organic  matter  reduces  them  if 
they  are  formed.  The  typhoid  rate  is  high  among  those  who  do  not 
boil  the  water.  The  cemetery  of  the  town  is  situated  on  the  one 
approximately  level  spot,  on  a  cliff  of  some  400  feet  elevation  above 
the  town,  and  is  a  favorite  resort  on  account  of  the  view.  From  a 
crevice  in  this  cliff  about  50  feet  above  the  street  there  issues  a 
copious  stream  of  clear,  cold  water,  much  prized  by  the  inhalHtants. 
It  is  named  White  Rock  in  the  table.  This  shows  the  greatest  pre- 
vious pollution  of  any  sample  secured.  The  special  spring  in  the  town 
of  Lead  also  indicates  a  similar  pollution. 

A  further  confirmation  of  the  value  of  nitrates  as  an  indication  is 
seen  in  the  set  from  Sylvan  Lake,  which  is  in  granite  rock  in  the  region 
of  Harney's  Peak.  It  is  soft  surface  water,  confined  within  its  walls 
only  three  years  ago,  and  resembles  our  Eastern  waters.  The  clear, 
cold  spring  near  it  is  evidently  beginning  to  feel  the  presence  of  the 
cottages  and  the  stable  above  it,  while  the  stream  at  the  watering  place 
is  the  typical  water  of  the  South  Black  Hills,  like  that  which  supplies 
the  town  of  Custer.  The  well  used  by  the  railroad  did  not  give  so  good 
an  account  of  itself,  showing  nitrites  and  chlorine.  An  investigation 
revealed  large  cattle  yards  and  several  houses  near  by. 

Another  interesting  sample  is  the  Giant  Spring  at  Great  Falls, 
Montana.  This  large  body  of  water  boils  up  in  the  very  edge  of  the 
Missouri  River.  Its  source  is  unknown,  but  must  be  many  miles  dis- 
tant.    It  is  a  hard  water,  but   shows   no   nitrates,  although   sulphates 
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abound  and  chlorine  is  present  (an  examination  made  in  1 898  gave  4. 5 
parts  of  chlorine,  .100  parts  of  nitrate,  and  316  parts  of  hardness  per 
million). 

In  lead  ore  districts,  of  which  the  Coeur  d'Alene,  Idaho,  is  an  exam- 
ple, the  mineral  formation  complicates  the  problem,  and  distilling  the 
drinking  water  seems  the  only  way  to  be  certain  of  its  safety,  if  for 
no  other  reason,  because  the  excessive  amount  of  iron  is  objectionable. 

Spokane  is  fortunate  in  one  way  in  having  Coeur  d'Alene  Lake  as 
its  reservoir,  but  since  the  lake  is  already  well  seeded  with  Anaboena, 
it  is  sure  to  have  trouble  sooner  or  later ;  indeed,  these  soft  waters,  if 
stored  in  the  bright  sunlight  in  the  midst  of  the  dusty  plains,  are  very 
inviting  feeding  grounds  for  many  water  plants.  One  of  the  coming 
problems  is,  then,  the  exclusion  of  all  such  as  give  odors  and  tastes 
from  the  very  inception  of  the  works. 
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I.     Introductory. 

In  1901^  this  country  produced  268,782  long  tons  of  fine  copper. 
Of  this  total,  Montana  is  credited  with  102,621  long  tons,  or  38.2  per 
cent. 

The  leading  smelting  works  are  located  in  Butte,  Anaconda,  and 
Great  Falls.  In  Butte  are  the  works  of  the  Colorado  Smelting  and 
Mining  Company,  the  Colusa  Smelter  of  the  Montana  Copper  Com- 
pany (closed  in  1893),  the  plant  of  the  Parrot  Silver  and  Copper 
Company  (closed  in  1899),  the  old  Bell  plant  (closed  in  1884),  the 
Clark's  Colusa  (closed  in  1893);  then  come  the  active  works  of  the 
Colusa  Parrot  Mining  and  Smelting  Company  (Butte  Reduction  Works), 
the  Butte  and  Boston  Consolidated  Mining  Company,  and  the  Montana 
Ore-Purchasing  Company. 

In  Anaconda  are  the  old  and  new  (Washoe)  works  of  the  Ana- 
conda Copper  Mining  Company ;  in  Great  Falls  the  establishment  of 
the  Boston  and  Montana  Consolidated  Copper  and  Silver  Mining 
Company. 

The  active  works  furnished  in  1901,  approximately,  the  following 
amounts : 

Anaconda  Copper  Mining  Company 113,800,000  pounds. 

Boston   and   Montana    Consolidated   Copper  and    Silver   Mining 

Company 54,700,000  " 

Montana  Ore-Purchasing  Company 29,900,000  " 

Butte  and  Boston  Consolidated  Mining  Company    ....  22,200,000  " 

Butte  Reduction  Works 18,000,000  ** 

Colorado  Smelting  and  Mining  Company 7,500,000  *' 

246,100,000       ** 

The  discrepancy  of  17,000,000  pounds  of  copper  between  the  fig- 
ures of  production  is  due  to  the  fact  that  the  matte  of  some  works  is 
converted  in  others,  and  that  both  are  credited  with  the  copper  they 
turned  out. 

II      Condensed  Account  of  Past  and  Present  Plants. 

Colorado  Smelting  and  Mining  Company,  —  Started  1879  by  the 
late  Henry  Williams.^     The  ore  was  roasted  at  first  in  the  long-hearth 

*  Unittd  States  Geological  Survey^  Mineral  Resources,  1901,  p.  160. 

*R.  W.  Raymond,  Engineering  and  Mining  four nal^  July  19,  1902;  J.  Douglas,  The 
Mineral  Industry^  IV,  p.  283;  C.  W.  Goodale,  International  Mining  Congress^  Butte,  1902. 


Notes  on  the  Metallurgy  of  Copper  of  Montufta.  315 

hand  reverberatory  furnace,  having  a  hearth  12  by  50  feet,  and  then 
smelted  in  a  reverberatory  matting  furnace,  with  hearth  14  feet  7 
inches  by  9  feet,  wood  being  used  as  fuel.  The  original  smelting 
furnaces  treated  12  tons  of  ore  in  twenty-four  hours,  producing  matte 
assaying  60  per  cent,  copper  and  from  700  to  800  ounces  silver  to  the 
ton,  which  had  to  be  hauled  200  miles  to  reach  the  railroad.  In  1889 
Bruckner  cylinders  came  into  use  for  roasting  ores,  followed  in  1892 
by  the  R.  Pearce  single-deck  turret  furnace.  In  1894  R.  Pearce's  first 
double-deck  turret  furnace  was  added,  and  in  190 1  the  first  six-deck 
turret  furnace  of  R.  F.  Pearce  was  put  in  operation.  At  present 
(summer,  1902)  the  roasting  department  has  four  single-deck  turret 
furnaces  with  6-foot  hearths,  five  double-deck  turret  furnaces  (one  with 
a  6-foot  and  four  with  a  7-foot  hearth),  and  one  six-deck  turret  furnace 
with  a  7-foot  hearth. 

The  hearths  of  the  reverberatory  matting  furnaces  were  made  21 
by  12  feet  in  1889,  increasing  the  above  capacity  to  18  tons  in  twenty- 
four  hours.  At  present  there  are  three  matting  reverberatories  with 
hearths  47  by  20  feet  (the  first  of  these  larger  furnaces  having  been 
erected  in  1899).  The  matte  containing  copper  from  50  to  55  per 
cent.,  silver,   100  ounces,  and  gold,   1.5  ounces  to  the  ton  is  sold. 

Colusa  Smelter  of  the  Montana  Copper  Company,  —  Started  1 880 
by  A.  Wartenweiler,  with  four  long  hand  reverberatories  for  roasting 
(hearths  60  feet  by  1 1  feet  6  inches),  and  two  reverberatory  matting 
furnaces  (hearths  15  feet  9  inches  by  10  feet).  Smelting  begun  1881  ; 
a  reverberatory  matting  furnace  treated  in  twenty-four  hours  12  tons 
of  raw  and  roasted  ores,  producing  6 5 -per  cent,  copper  matte,  with  a 
consumption  of  ten  cords  of  wood.  Lump  ore  was  at  first  heap>-roasted, 
but,  stopped  on  account  of  the  smoke  nuisance,  was  replaced  in  1882 
by  stalls.^  In  1884^  there  were  in  operation,  besides  the  stalls,  twelve 
long-hearth  hand  reverberatory  roasting,  six  reverberatory  matting,  and 
one  blast  furnace.  The  latter,  3  feet  by  4  feet  6  inches  at  the  tuyeres 
and  10  feet  high,  was  run  with  charcoal.  Works  sold  1888  to  the 
Boston  and  Montana  Consolidated  Copper  and  Silver  Mining  Company, 
and  formed  the  so-called  Upper  Works.  They  closed  down  in  1893 
when  the  new  Great  Falls  establishment  of  the  company  made  them 
superfluous. 


^  Mineral  Resources  of  the  United  States ^  1891,  p.  94. 
^Mineral  Resources  0/ the  United  States,  1883-84,  p.  339. 
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Parrot  Silver  and  Copper  Company,  —  Started  July,  1 88 1 .  Ore  was 
at  first  roasted  in  eleven  long  hand  reverberatories  (hearths  60  by  14 
feet)  and  smelted  in  six  matting  reverberatories  (hearths  14  feet  by 
1 1  feet  6  inches).  Weight  of  smelting  charge,  2  to  3  tons ;  lo  tons 
put  through  a  furnace  in  twenty-four  hours.  Matte  (60  to  6j  per  cent, 
copper  and  40  to  45  ounces  silver  per  ton)  at  first  brought  forward  to 
blister  copper,  but  this  soon  given  up  on  account  of  the  excessive  cost 
and  the  fact  that  matte  was  more  easily  marketed  than  blister  copper. 
Shortly  after  starting  of  works,  a  stall  40  feet  deep  and  9  feet  high  ^ 
was  built  by  J.  T.  Reese  to  roast  lump  ore.  It  proved  a  failure,  and 
was  replaced  by  A.  J.  Schumacher  with  open  stalls  8  feet  deep,  6  feet 
high,  and  6  feet  wide.^  In  1891  there  were  in  operation  120  stalls.^ 
The  hand  reverberatory  roasting  furnaces  were  supplemented,  1889, 
by  two  small  Spence  mechanical  shelf-roasting  furnaces,*  each  treating 

5  tons  of  concentrates  in  twenty-four  hours,  reducing  sulphur  to  from 

6  to  7  per  cent. ;  these  were  replaced  in  1892  by  a  round  and  in  1893 
by  two  oblong  Keller-Gaylor-Cole  mechanical  shelf  burners.^ 

A  Roberts  four-hearth  mechanical  reverberatory  roaster,  made  by 
the  Western  Iron  Works,  of  Butte,  and  similar  to  the  Wet  hey  fur- 
nace,^ was  put  in  operation  1897.  Hearths  of  matting  reverberatories 
enlarged  in  1887  to  16  feet  by  12  feet  6  inches.  For  lack  of  space 
they  never  reached  the  large  sizes  of  the  other  furnaces  at  Butte.  The 
largest  furnace,  1895,  had  a  hearth  of  22  feet  by  16  feet.  In  1884  a 
Herreshofif  48-inch  water-jacket  blast  furnace  was  erected  by  E.  D. 
Peters;  in  1885  a  3-  by  6-foot  blast  furnace,  with  cast-iron  water 
jackets,  was  added,  but  was  soon  replaced  by  A.  J.  Schumacher  with 
a  3-  by  8-foot  furnace  having  steel  jackets.  In  1884  the  converting 
of  copper  matte  was  begun  under  the  general  direction  of  the  inventor 
of  the  process,  Pierre  Manhes.  The  practice  was  to  melt  40-  to  50- 
per  cent,  copper  matte  in  a  cupola  furnace,  tap  it  into  converter,  blow 
to  white  metal,  and  pour ;  then  melt  the  white  metal  in  the  cupola,  and 
blow  it  to  blister  copper  in  the  converter.     In  1885  A.  J.  Schumacher 


*  Width  unknown. 


■^E.  D.  Peters,  Mineral  Resources  of  the  United  States^  1883-84,  p.  389;  also  Modern 
Copper  Smelting,  '895,  p.  181. 

^Mineral  Resources  of  the  United  States ^  1891,  p.  981. 

*  Peters,  Modern  Copper  Smelting,  1895,  p.  220. 

*  Peters,  op.  cit,,  p.  214;  Hofman,  Metallurgy  of  Lead y  1899,  p.  191. 

*  Hofman,  op.  cit.y  1899,  p.  195  ;    The  Mineral  Industry ^  1898,  VI,  p.  449. 
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succeeded  in  making  metallic  copper  from  40-  to  50-  per  cent,  matte  in 
one  operation  of  two  consecutive  stages,  and  thus  laid  the  foundation  of 
the  modern  practice  of  converting. 

When  the  works  were  closed  down  August  20,  1899,  the  roasting 
department  contained  two  Keller-Cole-Gaylord  furnaces,  each  having  a 
capacity  of  50  tons  ore,  and  one  O'Hara  furnace,  treating  50  tons  in 
twenty-four  hours.  Smelting  was  carried  on  in  three  undergrate-blast 
reverberatory  furnaces  with  hearths  20  by  12  feet,  treating  altogether 
135  tons  of  ore  in  twenty-four  hours,  and  in  two  blast  furnaces  44 
inches  by  96  inches  at  the  tuyeres,  each  putting  through  daily  120 
tons  of  charge.  The  converting  department  had  six  upright  converters 
5  feet  in  diameter  and  8  feet  6  inches  in  total  height. 

Bell  Plant,  —  Soon  after  the  erection  of  the  Parrot  works  followed 
the  building  of  the  Bell  plant,  which  roasted  in  long-hearth  reverbera- 
tories  and  smelted  in  blast  furnaces.  In  1885  ^  it  had  two  hand  roasters 
and  two  blast  furnaces. 

Clark's  Cohisa,  —  ^\x\\X  1884  by  W.  A.  Clark;  sold  1888  to  Boston 
and  Montana  Company,  and  formed  its  Lower  Works;  closed  1893  in 
favor  of  the  new  plant  at  Great  Falls.  At  this  plant  the  first  two- 
hearth  mechanical  O'Hara  roasting  furnace  was  operated,  1885;  the 
hearths  were  50  by  7  feet.  A  second  O'Hara  furnace,  erected  1885,^ 
had  hearths  70  by  7  feet,  and  treated  30  tons  ore  in  twenty-four  hours. 
In  1891  ^  ores  were  roasted  in  three  O'Hara  furnaces  and  one  lo-ton 
Bruckner  cylinder.  The  first  smelting  furnace,  a  circular  water-jacket 
blast  furnace,  36  inches  in  diameter  at  the  tuyeres  and  9  feet  high, 
was  replaced  1885  by  a  larger  furnace.  In  1887  two  so-ton  circular 
water-jacket  blast  furnaces  were  put  in  operation.  In  1886  two  rever- 
beratory matting  furnaces  were  added  to  the  plant,  each  treating  12 
tons  of  charge  in  twenty-four  hours. 

Coliisa-Parrot  Mining  and  Smelting  Company's  Plant  {Butte  Reduc- 
tion Works),  —  Started  1885  by  employees  of  the  Parrot  Smelter.  At 
first  ore  was  roasted  in  heaps  and  then  smelted  (45  tons  in  twenty-four 
hours)  in  a  36-inch  water-jacket  blast  furnace.  A  long  hand  reverbera- 
tory (hearth  100  by  14  feet),  erected  1886,  remained  in  operation  until 
1888,  when  it  was  cut  in  two,  making  two  furnaces  50  by  14  feet  each. 
In  the  same  year  the  first  Bruckner  furnace  was  installed  (cylinder  15 


"^  Mineral  Resources  of  the  United  States ^  1885,  p.  216. 
^  Mimral  Resources  of  the  United  States y  1885,  p.  216. 
^Mineral  Resources  of  the  United  States ,  1891,  p.  94. 
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by  7  feet,  charge    7  tons);    in  the  fall   of    1889  a  second   cylinder, 
20  by  8  feet.     In   1894  the  first  four-deck  Wethey  calciner  was  built, 
replacing  one  of  the   50-  by  14-foot  hand  reverberatory  roasters  and 
the   15-  by  7-foot  Bruckner  cylinder.     Its  work  proving  satisfactory,  a 
second  Wethey  furnace  was  erected.     The  50-  by  14-foot  hand  roaster 
was  replaced  by  a  larger  furnace,  75  by  5  feet,  to  be  used  mainly  for 
roasting  slimes.     In  1898  the  third  and  in  1900  the  fourth  Wethey  fur- 
nace was  installed,  replacing  the  remaining  hand  roaster  and  Bruckner 
cylinder.     Smelting  capacity  of  the  plant  increased,  1886,  by  erection 
of  a  96-  by  42-inch  Orford  brick  furnace;  the  original  36-inch  furnace 
put  out  of  blast  and  replaced  in  1889  by  one  of  38  inches  at  tuyeres. 
In   1897  a  sectional  blast  furnace  of  the  United  Verde  Hot- Air  type, 
84  by  42  inches  at  tuyeres,  replaced  the  two  older  furnaces.     In  1900 
a  second  rectangular  furnace,   112  by  42  inches  at  tuy tres,  was  put  in 
blast,  and  in  1901  the  84-  by  42 -inch  furnace  was  enlarged  to   112  by 
42  inches. 

First  reverberatory  matting  furnace  (hearth   15  by  9  feet)  erected 
1887;  the  second  (hearth  18  by  11  feet),  treating  from  12  to   15  tons 
in  twenty-four  hours,  erected   1888.      It  was  then  customary  to  wet 
down  roasted  ore,  and  shovel  it   into   matting   furnace   through  side 
doors.      In    1889.  hoppers  placed  over  the  furnaces,  and  roasted  ore 
charged  hot  through  the  roof.     This  increased  smelting  capacity  from 
18  to  21  tons  in  twenty-four  hours.     In    1896  a  large  reverberatory 
matting  furnace   (hearth   35   by   16  feet,  capacity  45   to   50  tons  ore 
in  twenty-four  hours)  replaced  the  two  smaller  furnaces.     A  second 
(hearth  45   by  16  feet,  capacity  55   to  70  tons)  was  built  in   1897  ; 
and  in   1900  a  third  (hearth  50  by  20  feet,  capacity  85  to   100  tons). 
This  last  did  so  well  that  the  1896-furnace  was  rebuilt  on  the  lines  of 
the  furnace  of  I9<X).     Present  plant :  four  Wethey  four-deck  calciners, 
two  water-jacketed  blast  furnaces  (112  by  42  inches  at  tuyeres),  and 
three  reverberatory  matting  furnaces  (hearths  45   by    16,   50  by  20, 
and  50  by  20  feet). 

Biitte  and  Boston  Consolidated  Mining  Company.  —  Smelting  works 
started  1885  with  four  Bruckner  cylinders  (8  by  18  feet),  two  reverber- 
atory matting  furnaces  (hearths  22  by  17  feet,  treating  5-ton  charges), 
and  two  blast  furnaces,  the  larger  being  96  by  36  inches  at  the  tuyeres 
and  II  feet  high.  In  1889  two  O'Hara  roasting  furnaces  were  added  ; 
later,  four  Allen-Brown-O'Hara  furnaces ;  and  these  giving  satisfaction, 
the  original  O'Hara's  were  remodeled  to  the  Allen-Brown-O'Hara  type. 
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and  the  Bruckner  cylinders  thrown  out.  In  1892,  when  the  plant 
burned  down,  eight  AUen-Brown-O'Hara  furnaces  were  in  operation. 
The  plant  was  immediately  rebuilt,  the  Allen-Brown-O'Hara  furnaces 
were  repaired,  but  not  the  Bruckner  cylinder.  A  new  blast  furnace, 
96  by  36  inches  and  16  feet  high,  was  erected  to  take  the  place  of 
the  old  small  cupola.  This  furnace  was  originally  provided  with  a 
bell-and-hopper  feed,  which  proved  too  expensive.  In  1901  the  width 
of  the  new  furnace  was  increased  to  40  inches,  and  the  height  reduced 
,to  II  feet.  Up  to  1893  the  blast  furnaces  smelted  little  but  roasted 
concentrates.  Matting  reverberatory  furnaces  remodeled  and  enlarged 
in  1895.  Converter  plant  started  in  1900.  Present  plant:  eight 
Allen-Brown-0*Hara  roasting  furnaces  (hearths  90  by  9  feet),  four 
matting  reverberatories  (hearths  50  by  20  feet,  the  first  furnaces  of 
this  size  having  been  built  in  1899-90),  one  blast  furnace  96  by  44 
inches  at  tuyeres  and  9  feet  high,  and  three  horizontal  converters  with 
barrels   10  feet  6  inches  by  7  feet. 

The  Montana  Ore-Purchasing  Company.  —  Ground  broken  for  smelt- 
ing works  October  17,  1892  ;  first  matte  tapped  January  i,  1893.  Ore 
roasted  in  two  Allen-Brown-O'Hara  furnaces  (hearths  9  by  100  feet, 
each  treating  60  tons  in  twenty-four  hours),  and  smelted  in  two  rever- 
beratory matting  furnaces  (hearth  12  feet  10  inches  by  20  feet,  and 
fire  box  5  by  6  feet ;  natural  draught,  stack  80  feet  high  and  4  by  4 
feet  in  the  clear,  and  charge  7  to  8  tons ;  time  of  melting  three  and 
five-tenths  to  four  hours),  and  one  blast  furnace  42  inches  diameter 
at  tuyeres.  After  a  year's  run,  blast  furnace  replaced  by  two  matting 
reverberatories  like  those  first  built.  In  1894  two  HerreshofF  furnaces 
(9  feet  inside  diameter,  5  hearths)  were  added  to  roasting  department. 
These  giving  satisfaction,  eight  more  were  erected  at  once,  thirty  in 
189s,  and  thirty  in  1899,  making  in  all  seventy  HerreshofFs.  The 
O' Harass  destroyed  by  fire  1901,  and  not  rebuilt.  Early  in  1894 
hearths  of  matting  reverberatories  were  enlarged  to  13  feet  6  inches 
by  25  feet,  fire  boxes,  however,  remaining  5  feet  by  6  feet;  at  same 
time  fuel  was  changed  from  lump  to  slack  coal,  and  undergrate  blast 
substituted  for  natural  draught.  These  changes  increased  the  tonnage 
per  furnace  for  twenty-four  hours  by  10  to  15  tons.  Furnaces  again 
enlarged  1898,  and  two  more  built  1899,  making  six  in  all  (hearth  16 
by  33  feet,  fire  box  6  by  8  feet,  stack  80  feet  high  and  5  by  5  feet  in 
the  clear). 

January,   1900,  two  blast   furnaces  (42   by   120  inches  at  tuyeres ; 
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1 1  feet  from  tuyeres  to  throat ;  cast-iron  water  jackets)  were  blown  in. 
These  water  jackets  giving  much  trouble  by  cracking,  furnaces  were 
replaced  by  larger  furnaces  (42  by  160  inches  at  tuyeres  and  10  feet 
6  inches  in  height)  with  steel  water  jackets.  Converting  plant  started 
August,  1893,  with  two  vessels  of  the  Parrot  type  (5  feet  external 
diameter);  in  1894  two  were  added,  and  in  1899-19CXD,  four  more. 
Two  barrel  converters  (bowls  10  feet  6  inches  long  and  7  feet  in  diam- 
eter), installed  1901,  are  in  constant  use,  and  the  upright  Parrot 
converters  are  worked  only  when  these  are  unable  to  handle  all  the 
matte.  It  is  the  intention  to  erect  two  additional  horizontal  and  to 
remove  the  remaining  upright  converters.  Present  plant :  seventy 
Herreshoff  roasters,  six  reverberatory  matting  furnaces,  four  blast 
furnaces,  two  horizontal  and  eight  upright  converters. 

The  Anaconda  Copper  Mining  Company.  —  At  Anaconda  there  are 
three  separate  plants,  the  Upper,  the  Lower,  and  the  New  or  Washoe 
Works.  The  Upper  Works  of  the  Anaconda  Copper  Mining  Company 
were  started  by  Marcus  Daly  in  1883  with  thirty-four  hand  reverbera- 
tory roasting  furnaces  (hearths  50  by  14  feet),  twenty-six  reverberatory 
matting  furnaces  (hearths  20  by  14  feet),  and  two  70-ton  water-jacket 
blast  furnaces.  A  reverberatory  smelting  charge  weighed  3  tons,  and 
15  tons  were  treated  in  a  furnace  in  twenty-four  hours.  In  1885  two 
Bruckner  roasting  furnaces  were  added.  After  fire  of  1889  works 
rebuilt,  and  remained  practically  unchanged  until  closed  down  in  No- 
vember, 1 90 1.  At  that  time  they  contained  forty  Bruckner  roasting 
furnaces  Ayith  cylinders  18  by  9  feet,  four  MacDougall  roasting  fur- 
naces (16  feet  diameter  and  21  feet  high,  with  six  hearths),  four  Wethey 
calciners,  with  hearths  100  by  12  feet,  and  eleven  reverberatory  matting 
furnaces,  with  hearths  31  by  16  feet,  a  matting  furnace  taking  9-ton 
charges  and  treating  60  tons  of  ore  in  twenty-four  hours. 

The  Lower  Works  of  the  Anaconda  Copper  Mining  Company, 
located  about  two  miles  below  the  Upper  Works,  were  built  under 
Marcus  Daly  by  O.  Stallmann.  The  smelting  department  was  started 
December,  1888,  with  fifty -six  Bruckner  cylinders  (9  feet  6  inches  by 
18  feet)  and  twenty-eight  reverberatory  matting  furnaces,  with  hearths 
22  by  16  feet,  a  matting  furnace  receiving  6-ton  charges  and  treating  40 
tons  ore  in  twenty-four  hours.  The  smelter  buildings,  which  were  en- 
tirely of  timber,  were  totally  destroyed  in  March,  1889,  by  a  fire  which 
started  in  the  coal  bins.  They  were  quickly  replaced  by  a  steel  struc- 
ture.    In   1890  forty  Bruckner  furnaces  of  the  same  size  as  the  first 
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ones  were  added  to  the  plant,  and  in  1899  were  added  four  MacDougall 
furnaces  of  the  Evans-Klepetko  pattern  (16  feet  diameter  and  21  feet 
high,  with  six  hearths).  Of  the  twenty-eight  original  matting  furnaces, 
seven  were  enlarged  in  1899;  three  had  hearths  32  by  18  feet,  33  by 
18  feet,  and  45  by  18  feet;  and  four,  hearths  35  by  18  feet.  They 
were  charged  with  about  1 1  tons  of  ore,  and  averaged  75  tons  in 
twenty-four  hours. 

The  converter  plant  was  started  in  1890  with  fifteen  stalls  for 
upright  vessels,  10  feet  high  and  6  feet  in  diameter.  In  the  same 
building  were  six  blast  furnaces  8  feet  by  3  feet  6  inches  at  tuyeres 
and  10  feet  high. 

New  Electrolytic  Refining  Plant,^  still  in  full  operation,  started  in 
1894,  refines  part  of  the  converter  copper  of  the  Washoe  works,  the 
rest  being  shipped  to  Baltimore  for  treatment.  The  old  experimental 
plant,2  started  in  1891  and  closed  in  1893,  contained  630  tanks. 

The  New  or  Washoe  Works  ^  of  the  Amalgamated  Copper  Com- 
pany were  planned  and  erected  by  F.  Klepetko.  They  are  located  on 
the  site  selected  by  the  Washoe  Copper  Company  (incorporated  about 
1893)  for  a  new  plant.  When  the  Amalgamated  Copper  Company 
obtained  control  of  the  Anaconda  and  Washoe  Companies,  it  was 
decided  to  erect  new  works  instead  of  remodeling  and  enlarging  those 
of  the  Anaconda  Copper  Company.  The  works  were  started  in  1902, 
contain  forty-eight  six-hearth  MacDougall-Evans-Klepetko  roasting  fur- 
naces 16  feet  diameter  and  21  feet  high;  five  blast  furnaces  (56  by 
180  inches  at  the  tuyferes  and  14  feet  10  inches  high) ;  fourteen  mat- 
ting reverberatories  (hearth  20  feet  by  50  feet  2  inches),  and  eight 
converter  stands  (barrels  12  feet  5  inches  long  and  8  feet  in  diameter). 
The  fumes  from  these  four  departments  are  drawn  off  by  four  steel 
stacks,  200  feet  high  and  lined  throughout  (inner  diameter  20  feet ; 
outer,  23  feet  6  inches).  Since  fumes  damaged  crops  in  the  Deer 
Lodge  Valley,  it  has  been  decided  to  deliver  them  500  feet  higher  up 
into  the  air.  The  fumes  from  the  four  departments  will  be  conducted 
through  branch  flues  into  one  brick  main  2,300  feet  long,  built  on 
a  hillside,  and  ending  in  a  stack  300  feet  high  and  30  feet  inner  diam- 


^  Berg-  und  Hiittennidnnische  Zeitung^  1893,  P-  53*  Zeitschrift  fur  EUctrochemie^  1901, 
p.  793.     Engineering  and  Mining  Journaly  Sept.  19,  1896. 

^Mineral  Resources  of  the  United  States^  1891,  p.  92. 

'  Engineering  and  Mining  /ournai,  March  i ,  1 902.  Western  Mining  IVor/d,  March  8, 
1902. 
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eter.  The  main  will  be  37  feet  deep ;  the  first  1,300  feet  will  be  60 
feet  wide,  and  the  remaining  1,000  feet  120  feet  wide.  Underneath 
will  be  a  tunnel  to  receive  the  cars,  into  which  will  be  discharged  the 
flue  dust.  It  is  expected  that  the  new  addition  will  be  finished  this 
summer. 

Boston  and  Montana  Consolidated  Copper  and  Silver  Mining  Com- 
pany s  Great  Falls  Plant,  —  Ground  broken  in  the  spring  of  1890. 
Plant  first  consisted  of  twenty-four  Bruckner  roasters  (cylinders  8  by 
16  feet),  eight  tilting  reverberatory  matting  furnaces  (hearth  13  by  16 
feet),  and  two  s-ton  upright  converters.  Matting  furnaces  having 
regenerative  chambers  and  fired  with  producer  gas  resembled  the 
Campbell  open-hearth  steel  furnaces.  Plant  has  been  greatly  enlarged 
since  1890,  under  the  management  of  F.  Klepetko,  and  furnaces  much 
changed  to  meet  constant  demand  for  increased  capacity.  Present 
plant:  twenty-four  Briickner  cylinders  (8  by  16  feet),  all  idle  except 
two  or  three  used  for  drying  slimes  from  the  concentrator ;  eighteen 
six-hearth  MacDougall-Evans-Klepetko  roasting  furnaces  (16  feet  diam- 
eter and  2 1  feet  high) ;  five  gas-heated  stationary  matting  reverbera- 
tories  with  regenerative  chambers,  four  of  which  have  hearths  42  feet 
6  inches  by  15  feet  9  inches,  and  one  a  hearth  29  by  12  feet;  five 
blast  furnaces  (18  feet  high  to  charging  floor;  four  are  56  by  180 
inches,  and  one  44  by  180  inches  at  tuyeres);  twelve  5-ton  upright 
converters  (7  feet  diameter  and  14  feet  7  inches  high) ;  one  anode- 
casting  reverberatory  (hearth  14  feet  8  inches  by  22  feet  6  inches) 
with  Walker  casting  machine ;  and  an  electrolytic  copper  refinery  with 
312  tanks  and  four  copper-refining  furnaces  of  different  sizes. 

The  early  history  of  this  company  may  be  summarized  by  the  begin- 
nings of  the  several  operations:  concentrator,  March,  1891  ;  Bruckner 
cylinders,  April,  1892;  reverberatory  matting  furnaces,  April,  1892  ;  con- 
verters, August,  1892;  blast  furnaces,  April,  1893;  refining  furnaces, 
January,  1893;  electrolytic  refinery,  February,  1893. 

In  concluding  this  introductory  account,  it  should  be  stated  that 
nearly  all  smelting  works  have  concentrating  works  in  which  second- 
class  ore  is  enriched. 
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III.    The  Ores. 

The  ores  of  the  Butte  district  are  classified  by  Goodale  ^  as  copper- 
silver  ores,  silver-copper  ores,  and  silver  ores.  The  copper-bearing 
minerals  of  the  copper-silver  ores  are  chalcocite,  bornite,  enargite,  and 
chalcopyrite ;  the  gangue  is  quartz  and  feldspar.  The  copper-  and  sil- 
ver-bearing minerals  of  the  second  class  are  wurtzite,  sphalerite,  bornite, 
chalcopyrite,  pyrite,  tetrahedrite,  enargite,  tennantite,  and  galenite ;  the 
gangue  is  quartz  and  feldspar,  with  some  barite  and  fluorite.  Of  the 
silver  ores,  which  are  of  secondary  importance,  the  silver-bearing  min- 
erals are  pyrite,  sphalerite,  galenite,  tetrahedrite,  and  argentite ;  the 
gangue  is  quartz,  rhodocrosite,  and  rhodonite.  With  regard  to  metal- 
lurgical treatment,  the  copper-bearing  ores  are  divided  into  first  and 
second  class.  The  line  of  division  varies  with  the  different  mines. 
In  general,  first-class  ore  contains  10  to  15  per  cent,  copper,  and  is 
smelted  direct,  usually  in  the  blast  furnaces,  without  having  been 
roasted.  Second-class  ore,  which  forms  about  90  per  cent,  of  the  ore 
mined  and  contains  from  3  to  6  per  cent,  copper,  is  concentrated ;  fine 
concentrates  are  always  roasted  and,  as  a  rule,  smelted  in  the  rever- 
beratory  matting  furnaces ;  coarse  concentrates,  above  5  millimeters  in 
size,  are  often  added  to  the  blast-furnace  charges  without  having  been 
roasted,  the  proportion  amounting  to  from  30  to  35  per  cent,  of  the 
charge. 

The  following  partial  analyses  of  1902,  taken  from  smelting  records, 
give  the  general  character  of  the  ore  now  treated.  The  analyses  of 
1896,  given  by  Goodale  ^  and  here  quoted  for  comparison,  show  much 
higher  values. 


1  Transactions  American  Institute  of  Mining  Engifi^ers^  XXVI,  p.  599. 

2  Op.  cit.,  p.  639. 
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IV.     Metallurgical  Treatment  —  The  Roasting  of  Ores. 

The  metallurgical  processes  in  the  Butte  district  show  much  uni- 
formity with  regard  to  the  general  principles  on  which  they  are  based. 
They  comprise  roasting,  smelting,  converting,  electrolytic  refining,  and 
casting.     There  is  considerable  diversity  in  the  details  of  practice. 
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F'irst-class  ore,  forming  about  lo  per  cent,  of  the  product  of  the 
mines,  is,  as  a  rule,  smelted  raw,  and  furnishes  the  desirable  coarse  ore 
of  the  blast-furnace  charge.  Concentrates,  coarse  limestone,  and  con- 
verter slag  are  the  basic  fluxes  added  to  slag  the  siliceous  gangue.  In 
one  instance  some  first-class  ore  is  roasted  in  lump-form  in  stalls.  This 
makes  it  less  refractory  than  raw  ore,  and,  furnishing  available  iron, 
permits  the  running  of  slags  richer  in  iron,  and  hence  more  fusible 
than  would  be  otherwise  possible. 

Heap  roastingy  which  was  practiced  in  the  early  days,  has  been 
entirely  abandoned. 

In  crushing,  the  copper-silver  ores  readily  break  into  small  grains, 
making  often  more  fines  than  can  be  carried  by  a  stall  or  even  by  a 
blast  furnace.  This  necessitates  separating  part  of  the  fines  by  screen- 
ing, the  screenings  going  into  the  fine-ore  roasting  furnaces. 

The  form  and  general  arrangement  of  the  open  stalls  now  in  opera- 
tion are  the  same  as  given  by  Peters.^  The  management,  however, 
differs  slightly  from  the  description  given  by  him.  In  making  the  bed 
of  decayed  wood,  first  used  by  A.  J.  Schumacher  at  the  Parrot  works, 
no  attention  is  paid  to  an  open  cross  channel  to  start  the  fire.^  While 
Peters  prefers  to  close  the  front  of  the  stall  with  large  pieces  of  lump 
ore,  at  Butte  it  is  closed  down  to  2  feet  from  the  bottom  with  a  plate 
of  sheet  iron,  which  is  braced  by  iron  cross  bars  to  prevent  bulging 
caused  by  the  swelling  of  the  ores  while  roasting.  The  plate  is  sup- 
ported by  blocks  of  wood,  between  which  are  placed  small  sticks  and 
kindling.  During  the  roast,  when  the  contents  of  the  stall  have  risen 
to  the  highest  point  and  begin  again  to  shrink  on  account  of  the  slight 
clinkering  which  always  takes  place,  the  front  plate  gradually  glides 
down  to  the  floor.  A  stall  holding  30  tons  of  first-class  ore,  with 
about  10  per  cent,  of  copper  and  from  30  to  35  per  cent,  of  sulphur, 
burns  thirty  days,  the  sulphur  being  reduced  to  3.5  or  4  per  cent. 

Crushing  and  sampling  the  ore,  running  it  to  the  stalls,  and  filling 
and  emptying  the  stalls  is  done  by  contract. 

The  fine-ore  furnaces  are  represented  by  four  types,  the  Allen- 
O'Hara,  the  Wethey,  the  Pearce,  and  the  MacDougall ;  long-hearth 
reverberatory  furnaces  used  in  early  times  having  been  given  up 
entirely. 


'^Modern  Copper  Smelting^  1895,  p.  148. 
*See  Peters,  op.  cit.y  Fig.  21,  p.  151. 
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The  Allen-O'Hara  Furnace} — This  is  one  of  the  permanent  im- 
provements on  the  original  0*Hara  furnace.^  The  two  superimposed 
hearths  are  each  9  by  90  feet ;  the  six  carriages  with  their  plows  make 
the  circuit  in  three  and  three-fourths  minutes.  Thus  the  ore  lying 
about  3  inches  deep  is  stirred  every  thirty-seven  seconds,  and  remains 
about  six  hours  in  the  furnace.  A  test  showed  that  3.64  horse  power 
was  required  to  run  the  furnace.  The  ore  charged  is  a  mixture  of 
concentrates  and  fines  from  first-class  ore,  usually  in  the  proportion 
of  4i  :  I,  containing  about  35  per  cent,  of  sulphur. 

From  47  to  50  tons  of  charge  is  roasted  in  twenty-four  hours,  or 
60  pounds  per  square  foot  of  hearth  area,  the  sulphur  being  reduced 
to  8  per  cent.  One  hundred  pounds  moist  ore  gives  72.7  pounds  of 
calcines  and  one  pound  of  flue  dust.  A  furnace  is  attended  in  an  eight- 
hour  shift  by  one-half  carman,  who  brings  the  ore ;  one-half  fireman ; 
one  wheeler,  who  removes  the  calcines  to  the  smelting  department,  and 
one-eighth  repair  man  during  the  day  shift  only.  A  partial  analysis  of 
an  average  sample  of  roasted  ore  gave:  Cu,  10.8;  SiOj,  316;  Fe, 
38.0;  S,  T,6\  Ag,  7.3  ounces  per  ton.  One  of  flue  dust:  Cu,  10.8; 
SiOj,  34.4;  Fe,  36.5  ;  S,  8.2;  Ag,  7.2  ounces  per  ton. 

The  Wethey  Furnace?  —  The  furnaces  in  operation  each  have  four 
superimposed  hearths.  The  furnaces  erected  in  1894  had  two  sets  of 
hearths,  each  50  by  5  feet,  with  the  rabble  carriages  running  between 
them,  the  arms  projecting  from  the  inner  sides  into  the  hearth.  The 
furnaces  erected  since  1894  have  been  increased  to  65  by  10  feet,  with 
the  rabble  arms  protruding  on  both  sides  and  carried  on  carriages  on 
the  outside  of  the  furnace  hearths.  The  tripping  doors,  which  close  the 
continuous  hearth  slot,  are  not  being  repaired  as  they  wear  out,  the  fur- 
nace seeming  to  do  satisfactory  work  without  them.  The  position  of 
the  fire  box,  which  was  built  at  first  to  heat  the  second  floor,  has  been 
changed  so  that  the  flame  may  enter  the  top  hearth  and  dry  and  kindle 
the  moist  concentrates  and  slimes  as  they  enter  the  furnace.  While 
the  smaller  size  furnace,  with  a  hearth  area  of  2,000  square  feet,  puts 
through  at  the  present  time  60  tons  of  raw  material  with  35  per  cent, 
sulphur,  or  60  pounds  per  square  foot  of  hearth  area,  reducing  the  sul- 
phur to  8  per  cent,  and  consuming   5.5   per  cent,   of  slack  coal,  the 


^  Peters,  Modern  Copper  Smelting,  1895,  pp.  200-205.     Hofman,  Metallurgy  of  Lead, 
1899,  PP-  186-190. 

^Kiistel,  Roasting   Gold  and  Silver  Ores,  San    Francisco,   1880,  p.  84.     Fraser   and 
Chalmers,  Catalogue^  No.  4,   1891,  p.   135. 

*  Hofman,  Metallurgy  of  Lead ,  1899,  pp.  195-198. 
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larger  size  furnace,  with  an  area  of  2,600  square  feet,  roasts  in  twenty- 
four  hours  90  tons  of  ore,  with  35  per  cent,  of  sulphur,  or  70  pounds 
per  square  foot  of  hearth  area,  reducing  the  sulphur  to  from  5  to  6  per 
cent,  and  consuming  somewhat  under  4  per  cent,  of  slack  coal.  .  One 
fireman  attends  each  furnace. 

The  improvement  in  the  work  of  the  longer  furnaces  is  due  to  the 
heat  from  the  fire  box  having  to  travel  a  longer  distance  before  it 
escapes  to  the  flue,  and  to  the  ore  traveling  in  a  direction  opposite  to 
that  of  the  flame,  whereby  the  heat  is  more  fully  utilized  than  with  the 
shorter  furnace. 

The  Pearce  Turret  Furnaces} — Three  kinds  of  turret  furnaces  are 
roasting  ores,  the  single-  and  double-deck  furnaces  of  R.  Pearce,  and 
the  six-deck  furnace  of  R.  F.  Pearce.  A  single-deck  furnace  36  feet 
in  diameter,  with  a  6-foot  hearth  (or  a  hearth  area  of  505  square  feet) 
and  two  stirrer  arms,  roasts  in  twenty-four  hours  14  tons  of  concen- 
trates (Cu,  7  per  cent.;  Fe,  24  per  cent.;  Zn,  12  per  cent.;  S,  32 
per  cent.;  SiOj,  23  per  cent.;  Ag,  14  ounces  per  ton),  reducing  the 
sulphur  to  from  7  to  8  per  cent,  and  burning  400  pounds  of  coal  per 
ton  of  ore. 

The  percentage  of  flue  dust  is  very  low. 

The  36-foot  furnace  does  better  work  than  the  first  pne  built,  which 
has  the  same  width  of  hearth  (viz.,  6  feet),  but  is  only  30  feet  in  diam- 
eter. If,  nevertheless,  the  tonnage  appears  to  be  comparatively  low 
and  the  percentage  of  sulphur  left  in  the  roasted  ore  somewhat  high, 
this  must  be  attributed  to  the  large  amount  of  zinc  present. 

In  the  double-deck  furnaces,  in  which  the  ore  fed  on  the  upper 
hearth  drops  through  a  slot  in  the  roof  onto  the  lower  hearth,  the  floor 
of  the  upper  hearth  and  the  roof  of  the  lower  hearth  are  separated,  it 
will  be  remembered,  by  an  air  space  2  feet  high.  A  furnace  with  a 
6-foot  hearth  (area  1,010  square  feet)  treats  in  twenty-four  hours  30 
tons  of  concentrates  (59  pounds  per  square  foot  of  hearth  area),  con- 
taining Cu,  12  per  cent. ;  Zn,  8  per  cent. ;  S,  35  per  cent.  ;  Fe,  25  per 
cent.;  As,  3  per  cent.;  SiOg,  16  per  cent.;  Ag,  20  ounces  per  ton, 
with  a  reduction  of  the  sulphur  to  from  6  to  7  per  cent.,  400  pounds 
of  coal  being  burned  per  ton  of  ore. 

A  furnace  with  a  7-foot  hearth  (area  121,829  square  feet)  treats 
,42  tons  (69  pounds  per  square  foot  hearth  area)  with  a  similar  elimina- 


1  Peters,  Modern  Copper  Smelting,  1895,  PP-  205-214;   Hofman,  Metallurgy  of  Lead, 
1899,  pp.  175-182. 
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tion  of  the  sulphur  and  a  fuel  consumption  of  182  pounds  per  ton  of 
ore  treated. 

Comparing  the  pounds  of  ore  roasted  per  square  foot  of  hearth  area 
in  the.  two  furnaces  (59  and  69  pounds),  an  improvement  of  15  per 
cent,  in  favor  of  the  7-foot  hearth  is  seen  —  the  degree  of  desulphuriza- 
tion  is  about  the  same  in  the  two  furnaces ;  the  consumption  of  fuel, 
however,  has  been  reduced  from  400  to  182  pounds,  or  55  per  cent. 
The  labor  required  to  fire  a  single-deck  furnace  is  the  same  as  with  the 
double-deck,  and  that  for  supplying  ore  and  fuel  and  removing  roasted 
ore  and  ashes  from  one  double-deck  furnace  is,  of  course,  smaller  than 
from  two  furnaces  with  single  hearths.  Thus  the  double-deck  furnace 
is  a  decided  improvement  over  the  single  hearth  as  long,  be  it  under- 
stood, as  ores  are  treated  which  do  not  frit  or  form  accretions  on  the 
hearth. 

The  six-deck  furnace^  resembles  the  double-deck  furnace  in  the 
stirring  mechanism,  and  with  it  in  the  passage  of  ore  and  gases ;  it 
has  one  fireplace  (3  feet  by  3  feet  2  inches)  on  the  top  hearth,  and 
one  4  feet  3  inches  by  3  feet  2  inches  on  the  bottom  hearth. 

It  differs  from  the  double-deck  furnace  in  the  number  of  hearths, 
6  versus  2  ;  in  the  fact  that  there  are  no  air  spaces  between  the  super- 
imposed hearths,  the  roof  of  one  forming  the  floor  of  the  next  one 
above ;  and  that  the  portions  of  the  inner  wall  above  the  horizontal 
slots  of  hearths  one  to  five  have  cantilever  supports  with  trussed  cords 
projecting  from  the  central  column.  This  makes  rather  a  complicated 
structure,  requiring  a  large  number  of  iron  parts  of  various  sizes,  some 
of  considerable  weight.  The  iron  parts  of  the  furnace  weigh  165  tons. 
The  furnace  is  32  feet  in  diameter  and  20  feet  9  inches  high ;  the 
hearths,  7  feet  wide,  are  2  feet  9^  inches  from  roof  to  roof,  which  is 
4^  inches  thick  ;  the  sand  filling  forming  the  working  hearth  is  5  inches 
thick  at  the  crown  of  the  roof  and  1 2  inches  at  the  sides  ;  the  distance 
from  the  working  hearth  to  the  inner  slot  (protected  by  i-inch  cast- 
ings) is  6  inches,  and  to  the  springings  of  the  arch  16  inches ;  the  rise 
of  the  arch  is  8  inches.  A  hearth  has  four  stirring  arms  making  one 
revolution  in  sixty-five  seconds.  The  horizontal  flues  in  the  outer  walls 
are  omitted,  through  which  air  passes  in  the  older  furnaces  in  order 
to  be  warmed  and  admitted  to  the  surface  of  the  roasting  ore.  Around 
the  furnaces  are  platforms  to  facilitate  access  to  the  hearths.  The 
moist  concentrates,  dumped  into  the  shoe  of  a  bucket  elevator,  are 


^  United  States  Patent,  No.  671,071,  April  2,  1901. 
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raised  to  the  top  of  the  furnaces  and  discharged  into  a  hopper,  partly 
closed  at  the  bottom  by  a  corrugated  roller  feed ;  this  delivers  into  a 
slot  8  inches  wide  by  7  feet  long  in  the  roof  of  the  top  hearth.  The 
furnace  roasts  56  tons  ore  in  twenty  hours,  or  38  pounds  per  square 
foot  of  hearth  area ;  it  makes  4  per  cent,  of  flue  dust  on  the  weight 
of  the  ore  charged,  and  requires  28.5  pounds  slack  coal  per  ton  of 
ore.  The  quality  of  the  work  is  similar  to  that  of  the  double-deck 
furnace ;  the  amount  of  ere  roasted  per  square  foot  of  hearth  area  is  a 
great  deal  smaller,  but  the  saving  of  fuel  is  much  larger.  The  low  fuel 
consumption  brings  out  in  a  striking  way  the  benefits  that  are  derived 
by  diminishing  the  loss  of  heat  by  radiation. 

The  MacDougall  Furnaces.  —  This  is  a  vertical  cylindrical  furnace 
with  arched  horizontal  hearths  having  discharge  openings  alternately 
near  the  centre  and  periphery,  and  a  central  revolving  shaft  with  hori- 
zontal radial  stirring  arms,  which  are  provided  with  teeth  placed  at  an 
angle  to  the  arm.  The  teeth  of  the  arms  on  the  even-numbered  hearths 
are  set  in  a  direction  opposite  to  that  of  the  odd-numbered,  thus  on 
the  odd-numbered  hearths  they  push  the  ore  toward  the  centre,  and 
on  the  even-numbered  toward  the  side.  The  ore,  fed  mechanically  onto 
the  furnace,  is  delivered  continuously  onto  the  outer  edge  of  the  first 
hearth,  where  the  teeth  of  the  stirring  arm  turn  it  over  and  work  it 
toward  the  centre,  where  it  drops  through  an  annular  opening  onto 
the  second  hearth ;  the  arms  of  this  turning  the  ore  over  and  over 
will  convey  it  slowly  to  the  openings  near  the  periphery,  through  which 
it  drops  onto  the  third  hearth  and  so  on  until  it  arrives  on  the  closed 
bottom,  where  it  falls  through  drop  holes  into  a  hopper. 

The  ore  spread  evenly  over  the  h^irth  thus  travels  in  zigzag 
through  the  furnace,  passing  from  periphery  to  centre  and  vice  versd. 
It  is  warmed  at  the  top  of  the  furnace;  it  then  ignites  and  burns 
freely ;  and  lastly  most  of  the  sulphates  formed  are  decomposed  lower 
down.  The  air  necessary  for  oxidation  is  admitted  through  doors  in 
the  side,  most  of  it  entering  on  the  bottom  hearth.  The  gases,  and 
with  them  the  dust,  pass  upward  through  the  ore-discharge  openings, 
and  are  drawn  off  through  pipes  in  the  roof.  In  starting,  the  furnace 
has  to  be  heated  up  to  the  kindling  temperature  of  the  ore,  which, 
if  rich  enough  in  sulphur,  will  burn  of  its  own  accord  without  the  use 
of  any  carbonaceous  fuel.  If  too  low  in  sulphur,  the  heat  necessary 
for  successful  roasting  has  to  be  supplied  by  one  or  more  external 
fireplaces. 
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Three  kinds  of  MacDougall  furnaces  interest  us  here :  the  Original 
MacDougall,  the  Herreshoff,  and  the  Evans-Klepetko. 

The  Original  MacDougall  Furnace}  —  This  furnace,  patented  by 
MacDougall  Brothers  in  the  beginning  of  the  seventies,  was  in  opera- 
tion in  Liverpool,  England,  burning  pyrites  to  furnish  sulphurous  gases 
for  the  manufacture  of  sulphuric  acid.  It  had  to  be  abandoned  on 
account  of  the  large  amount  of  flue  dust  formed  and  the  many  mechan- 
ical difficulties  encountered.  The  furnace,  6  feet  in  diameter  and  12 
feet  high,  was  built  of  seven  cast-iron  cylinders  bolted  together,  and 
had  six  closed  chambers.  The  vertical  solid  shaft,  6  inches  in  diame- 
ter, had  cast-iron  stirring  arms.  A  2-horse  power  engine  was  sufficient 
to  drive  the  mechanism.  The  furnace  roasted  in  twenty-four  hours 
3  J  tons  pyrites,  or  0.020  tons  per  square  foot  of  hearth  area,  reducing 
the  sulphur  to  2  per  cent. 

The  Herreshoff  Ftirftace.  —  Most  of  the  Herreshoff  furnaces  in  oper- 
ation at  Butte  have  a  ^-inch  steel  casing;  they  are  10  feet  10  inches 
in  diameter  and  1 1  feet  6  inches  in  height,  and  are  lined  with  a  full 
course  of  red  brick.  A  few  furnaces  built  of  two  full  courses  of  brick 
and  hooped  with  iron  bands  only  are  doing  better  work  in  cold  weather 
than  the  furnaces  that  are  sheeted  and  lined  with  a  single  course,  thus 
showing  that  with  ores  running  low  in  sulphur,  when  heat  has  to  be 
husbanded,  an  1 8-inch  side  wall  has  its  advantages.  A  furnace  has  five 
arched  brick  hearths  4^  thick  and  1 2  and  1 3  inches  apart ;  the  pitch 
of  the  arch  is  4^  inches;  a  current  of  air  passes  through  the  hollow 
central  revolving  shaft,  which  is  14  inches  in  diameter.  The  hol- 
low horizontal  cast-iron  stirring  arms,  two  to  a  hearth,  have  seven  and 
eight  teeth,  respectively;  they  are  easily  exchanged  when  worn  out. 

The  top  hearth  acts  as  a  dryer;  the  second  starts  the  roasting;  on 
the  third  the  ore  roasts  freely  (innumerable  sparks  are  seen) ;  on  the 
fourth  there  are  no  sparks ;  and  on  the  fifth  the  ore  looks  dark.  A  fur- 
nace, with  its  shaft  making  fifty  revolutions  per  hour,  roasts  in  twenty- 
four  hours  from  5  to  6  tons  of  wet  concentrates  with  about  35  per 
cent,  of  sulphur,  or  0.015  tons  per  square  feet  of  hearth  area,  reducing 
the  sulphur  to  6  per  cent.  Seventy  furnaces  make  from  4  to  5  tons, 
or  6.4  per  cent,  of  flue  dust. 

In  Eastern  sulphuric  acid  plants  this  furnace  '^  treats  in  twenty-four 


1  Lunge,  Sulphuric  Acid  and  Alkali^  London,  1891,  I,  pp.  260-264.     Also,  The  Mineral 
Industry,  1898,  VI,  p.  235. 

*  The  Mineral  Industry^  VI,  pp.  235-238. 
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hours  from  3  to  4  tons  of  pyrites,  with  44  per  cent,  of  sulphur,  or 
0.0098  tons  per  square  foot  of  hearth  area,  reducing  the  sulphur  to 
from  2\  to  3 J  per  cent. ;  the  shaft  makes  thirty  revolutions  per  hour. 
The  EvanS'Klepetko  Furnace}  —  Shortly  after  the  Herreshoff  fur- 
nace had  proved  a  success,  a  larger  furnace,^  16  feet  in  diameter,  was 
constructed  on  the  same  general  lines;  it  had  eight  hearths,  an  air- 
cooled  shaft,  and  eight  solid  cast-iron  arms.  The  heat  generated  was 
sufficient  to  cause  the  arms  to  bend  under  their  own  weight.  Air- 
cooling  having  proved  unsatisfactory,  water-cooling  was  substituted, 
and  the  number  of  hearths  reduced  from  eight  to  six.  The  leading 
differences  then  between  the  Evans-Klepetko  and  the  Herreshoff  fur- 
naces are  the  size  and  the  water  cooling  of  the  central  shaft  and  the 
stirring  arms.  The  furnace  is  18  feet  3 J  inches  high  and  15  feet 
10  inches  in  diameter ;  it  is  sheathed  with  |-inch  boiler  iron,  and  lined 
with  a  full  course  of  red  brick ;  it  has  six  arched  hearths  with  a  9-inch 
spring  and  3  feet  apart ;  each  hearth  has  two  stirring  arms  making 
sixty  circuits  per  hour.  The  furnace  stands  on  columns  12  feet  high 
to  allow  the  roasted  ore  to  be  collected  in  hoppers  and  discharged  into 
cars.  Six  (resp.  eight)  furnaces  form  a  battery ;  they  are  placed  from 
centre  to  centre  18  feet  apart  in  one  direction  and  21  feet  3  inches 
in  the  other.  Each  furnace  has  two  gas  flues,  2  feet  in  diameter  and 
12  feet  apart,  passing  out  of  the  roof;  the  flues  from  three  furnaces 
lead  into  one  main  6  feet  (resp.  7  feet)  in  diameter,  -having  openings 
along  the  top  and  bottom  for  removing  the  flue  dust;  the  bottom 
openings  have  vertical  pipes  which  are  connected  directly  with  the  cal- 
cine hoppers.  The  central  shaft  of  a  furnace  is  driven  from  below. 
Three  (resp.  four)  furnaces  receive  their  motive  power  from  one  main 
shaft,  with  which  they  are  connected  by  friction  clutches.  A  clutch 
can  be  thrown  in  or  out  from  each  of  the  three  platforms  surrounding 
a  furnace.  The  cooling  water  is  forced  down  to  near  the  bottom  of 
the  revolving  hollow  shaft  (9  inches  inner  diameter)  through  a  3-inch 
pipe  and  out  to  the  ends  of  the  horizontal  stirring  arms  through  i-inch 
horizontal  pipes.  In  its  upward  passage  between  shaft  and  pipe  it  takes 
up  the  return  water  from  the  stirring  arms,  and  discharges  at  the  top 
through  two  spouts  into  a  stationary  launder.     Shaft  and  arms  are  made 


^United  StaUs  Patent^  No.  700,399,  May  13,  1902;  Drawing,  see  Canadian  Mining 
Review^  April  30,  1903. 

^C.  H.  Repath,  "The  Mechanical  Engineer,  a  Factor  in  Modem  Mining,  Milling,  and 
Smelting,"  Mining  Congress,  Butte,  Sept.  3,  1902,  through  Mining  and  Scientific  Press^ 
Sept.  13,  1902. 
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up  of  flanged  sections  to  permit  easy  exchange.  Running  the  overflow- 
water  at  80**  C,  20  gallons  of  cooling  water  per  minute  are  required  by 
a  furnace.  Forty-eight  furnaces  are  supplied  with  the  necessary  draft 
by  a  steel  stack  200  feet  high,  lined  throughout  (inner  diameter  20  feet ; 
outer,  23  feet  6  inches).  A  30-horse  power  motor  is  provided  to  run  the 
machinery.  Tests  have  since  shown  that  10  horse  power  is  required 
for  six  furnaces.  When  ore  too  low  in  sulphur  to  be  self-burning,  /.  ^., 
about  28  per  cent.,  is  to  be  roasted,  one  auxiliary  fireplace  for  two  fur- 
naces, placed  on  the  level  of  the  bottom  floor  and  delivering  the  flame 
onto  the  fourth  floor,  furnishes  the  additional  heat  required. 

The  moist  concentrates,  arriving  from  the  ore-dressing  plant  on  an 
overhead  track,  are  dumped  into  the  two  feed  hoppers  of  a  furnace. 
These  are  10  feet  apart,  and  are  4  feet  6  inches  in  diameter  for  9  feet 
6  inches,  and  then  conical  for  7  feet  6  inches.  At  the  bottom  they  are 
made  3  feet  6  inches  by  i  foot  2  inches  to  fit  into  the  openings  in  the 
roofs  of  the  furnaces.  The  top  of  the  hopper  has  a  grating  to  break 
up  any  lumps  and  to  keep  out  large  pieces  that  may  have  accidentally 
gotten  into  the  ore.  The  hopper  holds  two  cars  of  concentrates,  or 
33  tons.  This  weight,  pressing  downward,  prevents  any  hanging  of 
the  charge,  and  thus  solves  the  difficulty  of  feeding  moist  fine  concen- 
trates. The  contents  of  the  hopper  are  continuously  discharged  into  the 
furnace  by  means  of  a  feeding  device  of  the  form  of  an  I,  which  passes 
to  and  fro  under  the  mouth  with  a  throw  of  about  10  inches.  The  rods 
of  the  two  feeders  are  joined  by  a  cross-piece,  which  is  pivoted  in  the 
centre  and  connected  by  a  rod  to  one  end  of  a  link,  while  the  other 
end  is  attached  to  the  pitman  of  a  crank  and  spur  wheel;  the  spur 
wheel  is  geared  to  the  central  shaft  of  the  furnace.  The  ore  is  spread 
on  the  top  hearth  to  the  thickness  of  3  inches  by  the  stirring  arms. 
The  tops  of  these  arms  are  protected  by  cast-iron  caps  against  rapid 
wear  at  the  places  where  they  strike  the  ore  column  coming  down 
through  the  feed  openings.  The  outer  half  of  a  hearth  is  9  inches 
thick,  the  inner  6  inches.  The  reasons  for  the  difference  are :  saving 
of  brick,  reducing  of  weight  at  centre,  preventing  contact  with  stirring 
teeth  when  the  hearth  rises  upon  heating,  and  furnishing  an  offset  to 
hold  the  loose  working  bottom  (crushed  limestone,  sometimes  flue  dust 
and  even  coke  dust)  which  is  about  4  inches  thick  at  the  centre  and 
9  inches  at  the  periphery.  The  two  arms  of  a  hearth  have  seven  and 
eight  cast-iron  teeth;  these  are  8  inches  long  by  6  inches  wide  by 
\  inch  thick ;  the  lower  3  inches  of  the  teeth,  which  come  in  contact 
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with  the  ore,  are  chilled.  There  is  no  advantage  in  making  the  teeth 
thicker  than  |  inch,  as  they  wear  off  obliquely  to  the  working  surface, 
and  consequently  would  simply  offer  a  larger  wearing  surface  but  not 
lengthen  the  life.  At  the  same  rate  that  the  teeth  are  worn  off  the 
ore  builds  on  the  loose  working  hearth.  When  they  are  to  be  renewed 
they  are  removed,  and  a  plow  is  slipped  over  the  stirrer  arm  and  moved 
a  little  toward  the  centre  after  every  circuit  of  the  arm.  Thus  a  crust 
is  easily  and  surely  broken  up.  The  crusts  on  the  second  hearth  are 
harder  to  break  than  those  of  the  other  hearths.  The  teeth  on  the  top 
hearth  last  from  twenty-five  to  thirty-four  days;  those  on  the  sixth, 
from  six  to  eight  months.  The  shorter  life  of  the  former  is  attributed 
to  mechanical  wear  caused  by  decrepitation  of  the  ore.  It  cannot  be 
due  to  chemical  action,  as  the  top  hearth  serves  mainly  for  drying, 
unless  the  moisture  should  cause  some  sulphuric  acid  to  form ;  but 
the  temperature  of  the  escaping  gases  is  315®  C,  and  the  draught  is 
sufficiently  strong  to  show  a  depression  of  0.3  inches  of  water. 

Roasting  begins  on  the  second  or  third  hearth,  varying  with  the 
strength  of  the  draught  and  the  number  of  circuits  that  the  stirring 
arms  make.  With  a  strong  draught  the  heat  creeps  up;  with  one 
circuit  in  fifty-five  seconds  the  roast  begins  on  the  second  hearth ;  with 
one  in  seventy-five  seconds  on  the  third.  As  the  ore  passes  from  the 
first  hearth  through  the  annular  opening  at  the  centre  of  the  roof  of 
the  second  hearth  (protected  by  a  cast-iron  ring),  it  strikes  a  distributor 
which  prevents  any  of  it  from  passing  down  the  shaft.  During  normal 
work  three  doors  on  the  bottom  hearth  are  left  open  for  the  admission 
of  air.  If  the  furnace  becomes  too  hot,  the  doors  on  the  third  floor 
are  opened  more  or  less,  and  thus  the  draught  checked.  While  the 
ore  drops  from  hearth  to  hearth,  the  upward  gas  current  carries  with 
it  dust,  and  this  striking  the  roof  adheres  to  it  in  part  and  builds.  In 
order  to  protect  the  arms  from  being  worn  out  at  these  places,  they  are 
protected  by  cast-iron  caps.  When  the  dust  has  grown  to  a  thickness 
of  4  inches  it  is  removed  with  chisel-pointed  bars.  Experiments  with 
cast-iron  plates  to  protect  the  roof  at  weak  spots  have  proved  suc- 
cessful, as  the  dust  is  easily  pried  off.  The  chunks  of  fritted  dust  go 
to  the  blast  furnace  as  welcome  lump  ore;  they  contain  only  6  per 
cent,  of  silica  with  ore  of  30  per  cent,  silica,  thus  showing  that  light 
particles  of  ferric  oxide  are  more  easily  carried  away  by  the  gas  currents 
than  heavy  gangue.  The  dust  collected  in  the  settling  chambers  runs 
higher  in  sulphur  than  the  roasted  ore. 

In  starting  a  furnace  crushed  limestone  is  fed  to  form  the  working 
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bottom.  Then  a  small  fire  of  dry,  soft,  1.  ^.,  long-flame,  wood  is  started 
from  the  three  side  doors  on  the  third  and  fifth  hearths.  A  new  fur- 
nace is  brought  to  a  dark  red  in  from  three  to  four  days ;  an  old  furnace 
requires  only  two  days.  Now  concentrates  are  fed.  After  charging  for 
from  five  to  six  hours,  it  sometimes  happens  that  the  furnace  cools  down 
too  much,  and  this  makes  it  necessary  to  start  on  the  third  and  fifth 
floors  a  new  fire  for  from  one  and  one-half  to  two  hours ;  occasionally 
feeding  of  the  ore  is  stopped  and  half  a  ton  of  coal  is  charged.  When 
this  has  come  to  the  third  hearth  the  machinery  is  stopped  and  the  coal 
is  allowed  to  burn  out.  The  kindling  of  the  coal  may  have  to  be  as- 
sisted by  placing  dry  wood  on  the  hearth.  Under  normal  conditions  a 
furnace  does  its  best  work  when  the  flue  shows  a  depression  in  water  of 
0.3  inch ;  if  it  is  less,  the  furnace  gets  cool.  The  normal  ore  mixture 
passes  through  the  furnace  in  about  one  and  one-half  hours.  If  the 
furnace  gets  too  hot,  more  slimes  are  fed ;  if  too  cold,  coarser  concen- 
trates are  charged,  and  the  rate  of  feeding  is  reduced.  As  indicated 
above,  the  temperature  is  further  regulated  by  the  admission  of  air; 
closing  the  bottom  doors  drives  up  the  heat,  opening  them  draws  it 
down ;  opening  doors  higher  up  checks  the  draught.  The  rate  of  feed 
when  once  settled  upon  is  usually  not  altered,  and  the  number  of 
circuits  the  arms  make  per  hour  remains,  of  course,  constant. 

The  dust,  which  collects  in  the  flue  connecting  three  (resp.  four) 
furnaces  and  forms  from  4  to  5  per  cent,  on  the  ore,  is  raked  out  every 
day ;  sometimes  part  of  it  is  blown  into  the  main  flue  of  a  battery  with 
a  hose  under  a  pressure  of  about  90  pounds  per  square  inch.  The  loss 
of  weight  in  ore,  including  flue  dust,  is  about  20  per  cent. 

A  furnace  treats  under  normal  conditions  in  twenty-four  hours  40 
tons  sulphide  ore,  with  35  per  cent,  sulphur  and  10  per  cent,  copper, 
or  0.042  ton  per  square  foot  of  hearth  area,  reducing  the  sulphur  to 
7  per  cent.;  roasted  ore,  with  14  per  cent,  copper  treated  in  the  same 
manner,  retains  about  10  per  cent,  of  sulphur.  The  product  can,  of 
course,  be  varied  with  the  speed  of  travel  of  the  stirring  arms.  Thus 
with  one  circuit  in  seventy-five  seconds  it  is  reduced  to  30  tons ;  with 
one  in  fifty  seconds  it  is  increased  to  50  to  55  tons. 

A  section  of  6  (resp.  8)  furnaces  is  tended  to  in  an  eight-hour  shift 
by  one-third  foreman,  one  furnace  man,  one  helper,  one-sixth  oiler,  one- 
ninth  repair  man,  and  one  trimmer. 

The  following  partial  average  analysis  of  roasted  ore  represents  two 
determinations  from  the  average  day-and-night  samples,  taken  during 
an  experimental  run  of  fifteen  days : 
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SiOg,  26.9  per  cent. 

Cu,  18.3  per  cent.,  of  which  9.9  was  present  as  CuO. 

Fe,  30.0  per  cent.,  of  which  17.9  was  present  as  FeO, 

S,  9.2  per  cent.,  of  which  0.81  was  present  as  SO3. 

The  matte  formed  in  crucible  fusions  contained  65  per  cent,  copper. 
In  comparing  the  roasted  ore  of  the  MacDougall  furnace  with  that  of 
the  Bruckner  furnace  ^  of  the  same  plant,  it  is  found  that  it  is  reddish 
brown  as  against  a  dark  brown  (more  Fc^Og  is  formed),  more  porous 
(i  cubit  foot  weighs  87  pounds  as  against  100  pounds)  and  finer  (the 
rolling  of  the  ore  in  the  Bruckner  cylinder  causes  particles  to  form 
pellets).  In  regard  to  flue  dust,  the  MacDougall  furnace  makes  much 
less  than  the  Bruckner  cylinder,  although  the  amount  is  still  great; 
they  compare  as  i  :  3  to  4. 

Gefteral  Results.  — Some  of  the  leading  facts  of  the  roasting  fur- 
naces operated  in  Montana  are  brought  together  in  the  subjoined  table : 


Table  II.  —  Details  of  Monta.na  Roasting  Furnaces. 


Hand  reverberatory  furnace,  69|  ft.  x  16  ft.  hearth 

AUen-O'Hara  furnace,  two  hearths,  94  ft.  x  9  ft. 

BrUckner  cylinder,  8  ft.  x  IG  ft. 

Pearce  single-deck  furnace 

Pearce  double-deck  furnace,  G-ft.  hearths 

Pearce  double-deck  furnace,  7-ft.  hearths 

Keller-Gaylord-Cole  furnace,  two  sets  of  six  hearths 

Wethey  furnace,  two  sets  of  four  hearths,  50  ft.  x  5  ft. 

Wethey  furnace,  two  sets  of  four  hearths,  G5  ft.  x  10  ft. 

Herreshoff  furnace,  five  hearths 

Mac Dougall- Evans- Klepetko  furnace,  six  hearths 

Pearce  multiple-hearth  funiace,  six  hearths 

*  Data  obtained  from  operations  of  six  months  at  Great  Falls.     For  quality  of  coal  see  analysis  of  Sand 
Coulee  and  Belt  coal  elsewhere  in  this  paper. 
t  Average. 
}  These  low  figures  are  due  to  the  ciiaracter  of  the  ore  (Gagnon  mine)  which  carries  8-12  per  cent.  zinc. 

^Size:  8  by  i6  feet,  one  revolution  in  seven  minutes;  15-ton  charge  in  twenty-four 
hours ;  drying,  two  hours ;  burning,  four  hours ;  charging,  roasting,  and  discharging, 
eighteen  hours. 
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V.     Smelting  of  Ores  in  the  Blast  Furnace. 

The  leading  data  of  the  blast  furnace  practice  are  brought  together 
in  Table  III.  The  furnaces  are  all  of  the  same  general  type;  they 
are  oblong  and  water-jacketed,  and  have  an  internal  crucible  which 
discharges  the  slag-matte  mixture  continuously  over  a  raised  spout, 
whereby  the  blast  is  trapped.  The  matte  is  settled  in  a  large  fore- 
hearth,  while  the  slag  overflows,  to  be  granulated  and  removed  by 
water  or  to  be  collected  in  waste-slag  cars  and  conveyed  electrically 
to  the  dump  and  poured. 

The  general  tendency  is  to  increase  the  size  of  the  furnaces.  The 
smallest  distance  between  tuyeres  is  42  inches,  the  largest  56  inches ; 
in  one  instance  it  was  increased  to  72  inches.  This  worked  well  with 
coarse  ore,  but  it  proved  a  failure  with  the  usual  run  of  ores  which 
contain  many  fines.  Thus  a  screen  analysis  of  an  average  sample  of 
blast  furnace  ore  from  one  important  mine  gave : 

300  pounds  ore  over  2  inches 13.3  per  cent. 

450  pounds  ore  2-1  inches 20.0  per  cent. 

500  pounds  ore  I- J- inches 22.2  per  cent. 

1,000  pounds  ore  under  }  inch 44.5  per  cent. 

2,250  pounds  100.0  per  cent. 

showing  why  such  a  large  distance  between  tuyeres  proved  impractica- 
ble. The  greatest  length  of  furnace  at  tuyeres  is  180  inches;  this 
seems  to  be  the  limit  with  the  present  mode  of  construction  of  jackets. 
The  height  of  the  furnaces  increases  with  the  distances  between  tuyeres 
from  7  to  18  feet.  But  the  charge  in  the  18-foot  furnace  is  kept  from 
4  feet  to  8  feet  below  the  throat,  so  that  the  actual  working  height  is 
reduced  to  from  10  to  14  feet.  All  furnaces  are  run  with  a  top  more  or 
less  hot.  Temperature  measurements  of  furnace  gases  in  one  instance 
showed  315°  C,  and  a  draught  measurement  gave  a  depression  0.8  inch 
of  water.  The  water  jackets  are  all  made  of  low-carbon  steel.  They 
are  two-high,  reaching  to  a  short  distance  below  the  feed  door,  the  re- 
maining space  being  of  brick.  There  are  usually  two  jackets  on  a  side 
and  one  on  the  ends ;  the  lower  tiers  of  side  jackets  only  have  a  bosh, 
the  amount  of  which  is  very  small,  while  the  upper  tiers  are  vertical,  as 
are  generally  the  end  jackets.  The  gases  are  always  drawn  off  above 
the  feed  floor.  In  one  instance  the  top  of  the  furnace  carries  a  Giroux 
blast  heater,  made  by  the  Union  Iron  Works  of  San  Francisco,  which 
raises  the  temperature  of  the  blast  to   150°  C,  and  at  the  same  time 
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acts  as  a  dust  catcher,  delivering  the  saved  dust  back  into  the  blast 
furnace.  The  charge  in  most  works  is  introduced  by  hand  from  the 
sides  of  the  furnace;  occasionally  it  is  fed  from  the  ends.  In  some, 
instances,  with  large  furnaces  putting  through  400  tons  charge  in 
twenty-four  hours,  mechanical  feeding  has  taken  the  place  of  hand 
feeding.  The  charge  is  brought  by  electric  or  compressed-air  traction 
to  the  side  of  the  furnace  on  trucks  with  tilting  carriages;  the  doors 
are  raised  by  compressed  air,  and  the  charges  slid  in  alternately  from 
one  side  and  the  other.  This  method  seems  to  be  satisfactory.  At 
least,  worked  out  in  one  large  plant,  it  has  been  introduced  in  another 
with  some  improvements  in  the  construction  of  the  carriage.  While 
it  is  generally  maintained,  and  has  recently  been  again  emphasized  by 
P.  Johnson^  in  connection  with  copper  smelting,  that  the  successful 
working  of  a  blast  furnace  is  much  governed  by  the  care  given  to 
feeding,  it  must  be  admitted  that,  considering  the  mechanical  feeding 
practiced  at  Butte  with  copper  ores  producing  siliceous  slags  high  in 
lime,  and  at  Pueblo,  Colorado,^  Murray,  Utah,^  East  Helena,  Montana,* 
with  lead  ores,  where  blow  holes  or  uneven  sinking  of  charges  must  be 
absolutely  avoided,  hand  feeding  cannot  hold  its  former  monopoly,  but 
will  have  to  yield  to  mechanical  devices. 

The  hearth  in  some  plants  is  supported  by  jackscrews ;  in  others  it 
is  built  up  solid  from  the  foundations.  It  rises  some  distance  above  the 
furnace  floor  in  order  to  furnish  the  height  necessary  for  the  forehearth 
or  settler  and  the  disposal  of  the  waste  slag.  The  hearth  is  lined  to 
a  depth  of  from  24  to  30  inches  with  fire  brick,  or  only  with  one  or 
two  courses  of  fire  brick,  and  then  with  a  mixture  of  quartz  and  clay. 
The  crucibles  have  a  depth  varying  from  8  to  28  inches.  Although 
deep  crucibles  last  rarely  longer  than  three  months  and  shallow  cruci- 
bles have  a  longer  life,  the  former  are  more  common.  Preliminary 
experiments  with  lining  deep  crucibles  with  chrome  brick  ^  have  given 
promising  results  in  preventing  breakouts  of  matte.  There  appears  to 
be  no  ^  priori  reason  for  having  a  continuously  discharging  crucible  as 


'^  Engineering  and  Mining  Journal^  Aug.  23,  1902. 

^Hofman,  Metallurgy  of  Lead,  1901,  p.  216;  Transactions  American  Institute  of 
Alining  Engineers^  November,  1901. 

^  Engineering  and  Mining  Journal,  June  28,  1 902. 

*  Transactions  American  Institute  of  Mining  Engineers,  November,  1 901. 

^Lang,  Engineering  and  Mining  Journal,  Jan.  23,  1897.  Packard,  Engineering  and 
Mining  Journal,  Feb.  13,  1897.  Glenn,  Transactions  American  Institute  of  Mining  Engi- 
neers, XXXI,  p.  374. 
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deep  as  28  inches  ;  8  to  10  inches  would  seem  to  be  sufficient  to  fur- 
nish the  matte  bath  necessary  to  cover  the  bottom  satisfactorily,  but 
this  is  disputed  by  the  best  of  authority.  In  treating  zinckose  ores  the 
deep  crucible  would  probably  soon  fill  up  with  mushy  matte  and  cause 
infinite  trouble,  but  the  ores  smelted  fortunately  contain  very  little  zinc. 

It  is  claimed  that  with  a  deep  crucible  a  furnace  puts  through  more 
charges,  but  this  has  so  far  not  been  proved.  As  far  as  the  strength 
of  the  jackets  is  concerned,  the  deep  crucible  is  preferable,  as  with  a 
shallow  crucible  the  tuyeres  are  located  higher  up  (viz.,  24  and  12 
inches ;  see  table)  in  order  to  furnish  a  smelting  zone  of  some  height, 
and  the  water-cooled  breast  has  to  be  built  into  the  jacket ;  while  with 
the  deep  crucible  it  is  placed  underneath  the  jacket. 

The  slag-matte  mixture  is  usually  discharged  from  the  centre  of  one 
of  the  sides  of  a  furnace.  The  water-cooled  tymp  is  made  of  cast  iron 
or,  preferably,  of  copper.  Experiments  with  copper  and  copper  alloys 
gave  the  following  data : 


The  solid  cast-iron  spout  with  water-cooled  nose  is  very  common; 
wrought-iron  pipe  surrounded  by  cast  iron  has  proved  unsatisfactory ; 
a  water-cooled  wrought-iron  spout  with  a  cast-copper  removable  nose 
lasts  about   120  days,  and  is  often  preferred  to  cast  iron. 

The  tuyfere-stock  in  common  use  consists  of  a  cast-iron  tuyere-box 
firmly  attached  to  the  jacket,  and  connected  by  a  sheet-iron  tuyfere-pipe 
having  a  gate  with  the  bustle  pipe. 

The  large  size  of  the  roofless  forehearth  in  which  the  matte  settles 
out  from  the  overflowing  slag  is  a  development  of  Montana  practice, 
caused  by  the  necessity  of  storing  considerable  quantity  of  liquid  matte 
for  the  converters.  As  far  as  the  settling  of  matte  is  concerned,  oval 
and  oblong  hearths  are  sufficient,  as  the  freedom  of  copper  in  waste 
slag  depends  to  a  large  extent  upon  the  length  of  the  path  the  slag  can 
travel  before  it  overflows.  In  regard  to  storage  capacity  and  strength 
of  vessel  the  circular  hearth  is  preferable,  hence  it  is  only  with  a  com- 
paratively small  blast  furnace  not  furnishing  direct  matte  that  we  find 
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the  oval  or  oblong  forehearth.  The  circular  forehearth,  14  feet  in 
diameter  and  56  inches  high,  with  a  9-inch  brick  liiiing  and  a  9-inch 
brasque  backing,  holds  about  60  tons  of  matte  when  new.  In  order 
to  prevent  breaking  out,  the  shell  is  sprayed  with  water.  After  being 
about  three  months  in  use,  its  capacity  has  so  decreased  by  building 
that  it  becomes  necessary  to  renew  it.  The  9-inch  course  of  brick 
sometimes  has  a  3-inch  backing  of  sand,  which  seems  to  be  sufficient. 
The  smaller  oblong  hearth  has,  as  a  rule,  cast-iron  water  jackets  on 
the  sides ;  it  has  a  9-inch  bottom,  which  crusts  up  about  6  inches ;  the 
sides  are  lined  with  a  half-course  of  brick,  a  i-inch  air  space  being  left 
at  the  water  jacket.  All  forehearths  have,  of  course,  a  tapping  slot  for 
matte.  It  is  closed  in  a  few  instances  by  a  cast-iron  plate,  but  more 
commonly  by  a  solid  copper  plate  with  tap  hole.  The  matte  is  tapped 
from  the  forehearth  into  a  ladle,  which  discharges  its  contents  either 
into  flat  cast-iron  moulds  holding  about  3,000  pounds,  or  into  the  con- 
verter. The  practice  of  bringing  the  converter  to  the  forehearth  of  the 
blast  furnace  has  become  obsolete.  The  blast-furnace  forehearth,  if  .of 
large  size,  is  of  great  assistance  to  the  reverberatory  matting  furnaces 
in  a  plant  which  converts  matte,  as  it  makes  little  difference  whether 
the  forehearth  contains  much  or  little  matte ;  it  can  be  allowed  to  fill 
to  near  th6  top,  or  it  can  be  tapped  nearly  dry.  With  the  reverbera- 
tory furnace  this  is  not  the  case.  The  aim  there  is  to  allow  the  level 
of  the  matte  to  fluctuate  as  little  up  and  down  as  possible.  This  means 
that  only  a  certain  quantity  of  matte  can  be  tapped  at  stated  intervals. 
If,  therefore,  the  converter  calls  for  matte  and  the  reverberatory  furnace 
can  furnish  only  an  insufficient  amount,  there  is  the  blast-furnace  fore- 
hearth, forming  a  kind  of  balance  wheel,  to  help  over  the  difficulty.  The 
waste  slag  is  caught  in  tilting  waste-slag  pots  of  from  5  to  6  tons  capac- 
ity, and  hauled  to  the  dump,  or  it  is  granulated.  Near  the  bottom  of 
the  launder  carrying  the  slag  granules  there  is  found  often  a  mechanical 
sampler,  driven  by  the  granulating  water,  which  takes  out  the  whole  of 
the  stream  of  granules  at  stated  intervals,  and  thus  furnishes  a  true 
sample  of  all  waste  slag  made. 

Coke.  —  The  coke  used  around  Butte  comes  from  different  parts  of 
the  country,  as  shown  by  the  following  table ;  most  of  it,  however,  is 
made  from  Montana  coal : 
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TABLE  IV. —  Average  Coke  Analyses. 


Ybar. 

Total 
H,0. 

u  n           Volatile 

Fixed 
Carbon. 

Ash. 

Sp.  Gr. 

Lehigh,  Pennsylvania : 

1897 

M98 

1899 

1900 

1901 

0.6 
0.3 

0.3                  1.3 
0.5         1         3.2 
0.4          1         3.9 
0.2                   4.2 
0.2                   3.6 

857 
82.7 
81.0 
81.8 
84.2 

12.6 
13.4 
14.6 
13.8 
12  J> 

Total     

0.9 

1.C         1       16.2 

415.4 

66.6 

Average 

Horr,  Montana : 

1899 

1900 

0.4 

0.3         ;         3.2 

0.5                  4.2 
0.3         I         4.0 

83.1 

75.2 
76.7 

13.3 

20.3 
19.9 

Total 

0.8                  8.2 

150.9 

40.2 

Average 

Crow's  Nest,  British  Columbia : 

1900 

1901 

1902 

0.6 
0.3 

0.4                  4.1 

0.2                  4.1 
0.2         1         3.3 
0.2         1         4.7 

76.4 

86.8 
86.3 
84.6 

20.1 

9.9 
10.7 
10.5 

Total 

0.8 

0.6         '        12.1 

256.6 

31.1 

Average 

Belt.  Montana: 

1899 

1902 

0.4 

0.2                   4.0 

1 

2.3          '         4.7 
0.3         1         3.6 

86.2 

79.3 
83.0 

10.3 

13.7 
12.4 

145 

Total 

2.6                   8.3 

1 
1.2                   4.2 

0.4                   3.6 

! 

0.:j        I        3.7 

1 
0.1                    4.5 

1 

n.j               3.5 

162.3 

26.1 

Average 

Cardiff,  Colorado: 

1902 

West  Superior,  Wisconsin : 

1902 

Fairmount,  West  Virginia : 

1902 

Castle  Gate,  Utah : 

1902 

0.1 

81.1 

85.7 
81.4 
82.4 
86.1 

130 

10.3 
14  5 
13.0 
10.2 

2.45 
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TABLE  V. —  Analyses  of  Coke  Ash. 
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SOURCB. 

Kino. 

SiO,. 

Fe,0,. 

A1,0,. 

CaO. 

MgO. 

S. 

Montana 

Horr 

67.0 

19.0 

21.2 

3.3 

Montana 

Belt 

a.6 

10.0 

33.6 

Colorado 

Canliff 

48.9 

189 

23.9 

6.8 

1.4 

0.8 

In  the  management  of  a  blast  furnace  the  tendency  has  been  toward 
large  tonnages,  with  the  production  of  50-per  cent,  copper  matte,  and 
slag  low  enough  in  copper  to  be  a  waste  product.  Tonnage  had  to 
contend  with  siliceous  ores  low  in  iron  and  with  limestone  as  the  only 
available  flux,  which  caused  the  making  of  slags  of  high  melting  tem- 
peratures. As,  further,  large  amounts  of  limestone  are  required  to 
make  slags  that  are  at  all  fusible,  the  formation  temperatures  lie  higher 
than  when  there  is  a  more  intimate  contact  of  acid  and  base.  Tonnage 
was  therefore  obtained  mainly  by  increasing  the  size  of  the  furnace,  as 
shown  in  the  preceding  table.  The  combination  of  siliceous  slags  low 
in  iron,  with  much  air,  has  been  the  cause  of  as  much  as  70  per  cent, 
of  the  sulphur  in  the  charge  being  burnt  off  in  its  descent  through  the 
furnace.  But  even  with  the  large  elimination  of  sulphur  in  a  compara- 
tively dense  charge,  it  is  often  not  possible  to  obtain  the  50-per  cent, 
matte  desired  for  the  converter  plant ;  hence  blast-furnace  matte  is 
sometimes  tapped  from  the  forehearth  into  a  ladle,  and  poured  into 
the  reverberatory  matting  furnace  to  raise  the  percentage  of  copper 
by  mixing  with  higher-grade  matte.  Table  VI  gives  in  percentages 
some  idea  of  how  the  charges  are  made  up. 

Table  VII  shows  partial  analyses  of  flue  dust  and  briquettes,  giving 
an  idea  of  their  general  character. 

The  briquetting  machines  of  Chisholm,  Boyd  and  White  (Chicago), 
and  of  H.  S.  Mould  (Pittsburg)  are  both  used. 


VI.     Smelting  of  Ores  in  Reverberatory  Matting  Furnace. 

The  leading  facts  of  the  reverberatory  furnace  practice  are  brought 
together  in  Table  VIII. 

The  characteristics  of  Montana  reverberatory  matting  furnaces  are 
the  form  of  hearth  and  the  greatness  of  its  area.  While  as  late  as 
1 89 1  the  hearth  had  the  usual  pear-shaped  form  of  the  original  Welsh 
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TABLE  VI. —  Percentage  of  Components  of  Charge. 


Plant. 

g 
O 

■J 

\ 

• 

i 

< 

P 

4^ 

GQ 

M 

a 

A 

B 

C 

22.4 
62.6 
16.6 

20.6 
25.0 

4.0                  17.8 

2.3                   8.9 

22  Ji 

4.0 
0.2 

22.8 
25.6 

27.6 

8.5 
10.7 
92 

*The  matte  comes  in  part  from  the  reverberatory  matting  furnace,  which  had  to  be  tapped  when  the  converter 
plant  was  not  ready.    In  part  it  is  purchased  matte  to  be  remelted  for  the  converter. 

tThe  converter  slag  always  goes  to  the  blast  furnaces,  as  it  furnishes  coarse  material,  aids  the  smelting  in 
having  been  already  once  smelted,  and  acts  as  a  basic  fluit  (see  Analyses  below).  Experience  has  shown  that  it 
not  only  does  little  good  in  the  reverberatory  matting  furnaces,  but  that  it  does  harm  in  that  it  increases  the 
amount  of  slag  to  be  skimmed,  and  reverberatory-fumace  slags  run  higher  in  copper  than  blast-furaace  slags. 

X  The  briquettes  are  a  mixture  of  flue  dust  with  3  to  4  per  cent,  slacked  lime ;  sometimes  slimes  from  the  ore 
dressing  works  are  added  to  replace  the  lime. 

TABLE  VII. —  Analyses  of  Flue  Dust  and  Briquettes. 


Cu. 

i 

W 

d 

S. 

Q 

< 

45 

Flub  dust  from 

1 

.S 

t 

i 

K 
.S 

t 

1 

d 
& 

t 

i 

Flue  near 
MacDougall  furnace 

MacDougall  furnace 

Blast  furnace 

13.3 
11.8 
10.6 

47.9 
62.0 
332 

11.9 
11.0 
18.7 

12.0 
7.9 
10.7 

4.2 
4.8 
6J 

Blast  furnace 
Blast  furnace 

10.4 
12.85 

4.2 

•    ■ 

5.7 

26.5 
34.8 

13.9 
16.3 

37.7 

15.8 
13.3 

4.2 

0.5 

7.3 
13.3 

6.3 

1.6 

Dust  chamber 
Dust  chamber 

13.3 
7.2 

1.8 

5.4 

31.7 
34.3 

8.3 
11.9 

7.6 
7.27 

9.1 

3.4 

Stack 

40.0 

20.8 

14.3 

6.3 

9.3 

54.0 

Briquettes 
(dust  and  slimes) 

6.5 

63.0 

13.0 

53 
11.0 

.   .           8.0 

Briquettes  (dust) 

12.5 

X- 

H.O. 
13.05 

36.0 

13.9 

2.7 

8.96 

Insol. 
45.6 

0.66 

5.0 
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furnace  (Figure  i),  a  radical  change  was  then  inaugurated  by  making 
the  hearth  oblong,  tapering  very  quickly  toward  the  bridge,  but  less  so 
toward  the  flue  (Figure  2).  The  result  was  an  enlarged  hearth  area 
served  by  the  same  grate  area  which,  on  account  of  the  free  develop- 
ment of  the  flame,  could  heat  more  effectively  and  smelt  a  larger 
amount  of  charge  per  unit  of  fuel  consumption  than  with  the  old 
form.     While  at  Argo,  Colorado,^  the  reverberatory  matting  furnace  of 


Fig.  I. 


Fig.  2. 

1878  had  a  hearth  area  of  105  square  feet,  with  a  ratio  of  hearth-to- 
grate  area  as  4.66  :  i ;  in  1 894  the  hearth  area  had  been  increased 
to  481  square  feet  and  the  ratio  to  grate  area  decreased  to  15.03  :  i. 
At  present  the  Montana  furnaces  reach  in  round  figures  a  hearth  area 
of  880  square  feet,  with  hearths  50  feet  long  and  20  feet  wide  (in 
the  middle  section.  Figure  2) ;  the  ratio  of  hearth-to-grate  area  differs, 
however,  only  slightly  from  the  Argo  standard  of  1894.  Such  a  fur- 
nace treats  105  tons  of  charge  in  twenty-four  hours,  producing  50-per 
cent,  matte  with  a  concentration  of  three  to  four  into  one.  These  large 
furnaces  have  many  advantages  over  the  smaller  ones  besides  the  greater 


^Peters,  Modern  Copper  Smelting^  1895,  p.  445. 
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capacity.  The  sides  are  less  readily  corroded  by  the  slag  (claying  every 
twelve  days  versus  every  three  days),  as  for  a  given  amount  of  matte 
less  surface  is  exposed  to  the  slag ;  there  is  less  variation  in  tempera- 
ture on  account  of  the  greater  reservoir  of  heat,  which  lengthens  the 
life  of  the  brick ;  the  layer  of  slag  is  thinner,  which  allows  quicker 
heating  and  causes  less  foaming  when  the  charge  is  dropped  from  the 
hoppers;  and  the  level  of  the  matte  remains  more  constant. 

Fuel.- — The  fuel  used  is  bituminous  coal  of  various  grades  from 
Montana,  Wyoming,  and  Utah,  some  of  which  are  represented  in 
Table  IX. 

TABLE  IX. —  Average  Coal  Analyses. 

Further  analyses  of  coals  are  given  in  the  Appendix,  Table  XV. 


Locality 

Namb 

Kind 

Y«ARS 

I 

'it 

A 

AND  Stath. 

OF  Mink. 

OF  Coal. 

AVBRAGBO. 

X 

E5 

o£ 

<  < 

a 

i 

X 

> 

h 

< 

Belt,  Montana 

Belt 

Slack 

W9^'9»-1902 

1.6 

30.4 

46.7 

223 

Belt 

Washed  slack 

1898-1900 

0.8 

33.0 

49.2 

17.0 

Belt 

No.  1  nut 

1900 

02 

38.1 

47.2 

14.6 

Belt 

Pea 

1900 

0.8 

33.4 

48.9 

16.9 

Belt 

Washed  pea 

1900 

0.9 

36.3 

60.6 

13.3 

Belt 

Washed  nut 

1901-1902 

13 

29.2 

S0.2 

19.3 

Belt 

Lump 

190O-1901 

l£ 

29.3 

60.8 

18.4 

Belt 

Lump 

(?) 

2.2 

24.26 

46.66 

26J> 

Belt 

Lump 

h 

2.4 

22.1 

43.2 

32.2 

Belt 

Minenm 

1901 

0.9 

27.6 

47.3 

24.2 

Belt 

Mine  run 

(?) 

3.9 

24.9 

48.6 

24.6  • 

Stockett,  Montana 

Sand  Coulee 

Slack 

1898.1900 

1.2 

30.8 

46.1 

21.9 

Sand  Coulee 

Washed  nut 

1898-1901 

1.4 

31.8 

60.4 

16.4 

Sand  Coulee 

Minenm 

1899 

1.1 

28.1 

46.2 

24.6 

Sand  Coulee 

Nut 

1898-1900 

1.1 

30.3 

46.8 

22.8 

Sand  Coulee 

Lump 
Slack 

1900-1901 

0.9 

30.4 

60.2 

18.6 

Cottonwood 

1898-1901 

1.1 

30.1 

44.3 

24.6 

Cottonwood 

Nut 

1(«8-1901 

1.1 

29.7 

44.7 

2iJ5 

Cottonwood 

Lump 

1899-1901 

0.8 

30.4 

46.3 

22J5 

Sand  Coulee,  Montana 

Lochray 

Lump 

1899-1901 

1.6 

S02 

47.3 

209 

Lochray 

Mine  run 

1899-1901 

1.0 

30.0 

47.7 

21.3 

Lochray 

1.8 

27.4 

52.1 

19.4 

Gerber 

Lump 

1900-1901 

0.9 

31.2 

48.9 

19i) 

Gerber 

Mine  run 

1899 

1.2 

31.6 

48.6 

18.8 

Gerber 

1.0 

23.6 

66.7 

17.7 

Millard 

Slack 

1899 

0.5 

33.2 

45.6 

20.7 

Millard 

Minenm 

1890-1900 

0.8 

31.1 

46.7 

21.4 

Uwis 

Slack 

1898-1899 

1.2 

31.7 

46.9 

21.2 

Lewis 

Lump 

1898-1901 

0.9 

30.4 

49.0 

19.7 

Lewis 

Mine  run 

1899-1900 

1.0 

30.5 

46.6 

21.9 

Wyoming 

Sweet  Water 

. 

1902 

4.6 

32.0 

66.4 

7.0 

Sweet  Water 

1902 

6.4 

31.8 

60.4 

12.0 

Bear  Creek 

1902 

7.86 

36.45 

46.06 

906 

Diamondville 

Slack 

1902 

2.6 

37.68 

46.12 

14.70 

Diamond 

Lump 

1902 

4.7 

36  02 

44.66 

14.85 

Uuh 

Gascoalt 

1902 

4.8 

38.0 

69.1 

1.9 

British  Columbia 

Uthbridge 

Slack 

1898-1901 

2.6 

81.6 

43.9 

22.1 

Lethbridge 

Nut 

1898 

4.J 

31.6 

46.0 

18.8 

Lethbridge 

Pea 

1899 

2.9 

34.6 

41.2 

21J 

Pennsylvania 

Anthracite 

1900-1901 

0.6 

7.8 

80.6 

11.1 

*  Average  of  ten  months. 


1 81.2  per  cent. 
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Most  furnaces  are  direct  fired.  Some  furnaces  are  worked  with 
natural  draft,  but  the  majority  have  undergrate  blast.  In  one  instance 
the  original  fire  box  has  been  changed  to  receive  a  Duff  (Pittsbiu-g) 
gas  producer,  with  most  satisfactory  results  as  to  saving  of  fuel  and  to 
shortening  of  the  time  required  for  melting.  This  latter  is  due  to  the 
fact  that  the  ordinary  grate  has  to  be  cleaned  every  four  hours,  while 
the  grate  of  the  Duff  producer  requires  attention  only  once  in  twenty- 
four  hours.  On  account  of  structural  difficulties  the  producer  had  to 
be  given  up.  In  many  furnaces  air  is  admitted  through  the  roof  above 
the  fire  bridge  in  order  to  secure  a  better  combustion  and  thereby  save 
fuel.  The  air  ^  travels  through  the  vault  underneath  the  furnace,  rises 
some  distance  in  two  corners  of  the  stack  (square  on  the  outside,  circu- 
lar on  the  inside),  descends  in  the  others,  returns  underneath  the  hearth 
through  three  or  four  horizontal  channels  on  either  side  of  the  vault, 
rises  in  corresponding  vertical  boxes  near  the  bridge,  enters  both  sides 
of  an  air  chamber  on  the  roof  above  the  bridge,  and  descends  through 
slots  into  the  fire-bridge  flue.  There  is  some  doubt  prevalent  as  to 
the  efficiency  of  this  superheating.  With  most  furnaces  the  heat  of  the 
flame  passing  out  of  the  furnace  goes  to  waste.  According  to  Hixon^ 
attempts  had  been  made  to  join  the  Brown-Allen-O'Hara  roasting  fur- 
nace to  a  reverberatory  matting  furnace,  but  without  success,  owing 
to  mechanical  difficulties.  Hixon  suggests  improvements  which  are  to 
overcome  them.  Lang*  patented  a  combination  of  reverberatory  mat- 
ting furnace  with  a  hand  reverberatory  roaster;  at  Kedabeg,  in  the 
Caucasus,  such  a  combination  is  said  to  be*  in  successful  operation. 
Attempts  have  been  made  by  Thum^  to  combine  the  Belgian  zinc- 
smelting  furnace  with  a  hand  reverberatory  roasting  furnace  for  roast- 
ing blende,  but  without  success.  The  main  difficulty  would  seem  to 
lie  in  the  fact  that,  in  order  to  roast  successfully  in  a  reverberatory 
furnace,  it  is  essential  to  have  a  steady  even  temperature  at  the  fire 
bridge,  and  with  a  reverberatory  matting  furnace,  charged  and  dis- 
charged at  intervals,  this  is  not  easily  obtained,  if  it  can  be  managed 
at  all.  In  order  to  utilize  the  waste  heat,  one  Montana  plant  has 
attached  a  300-horse   power  Stirling  boiler,  Class  A,  2J,  with  3,019 


1  See  also  Peters,  op.  cit.,  p.  456. 

^  Notes  on  Lead  and  Copper  Smelting^  New  York,  1897,  p.  59. 

'  Engineering  and  Mining  fottrnal,  Aug.  6,  1898. 

^  Berg'  und  HUttenmdnnische  Zeitung^  189 1,  p.  449;   The  Mifteral  Industry^  VI,  p.  247. 

^  Berg-  und  Huttenmdnnische  Zeitttng,  1874,  p.  276. 
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square  feet  heating  surface  to  one  of  its  50-  by  20-foot   furnaces.  1 

While  an  attempt  of  this  kind  in  an  Eastern  refinery  had  proved  a  I 

failure,  owing  to  the  diminished  melting  power  caused  by  the  reduced  | 

force  of  the  draught,  here  it  proved  an  unequivocal  success.     At  first,  I 

when  the  boiler  was  set  up  in  the  usual  way,  the  smelting  power  of 
the  furnace  was  reduced  to  an  unreasonable  figure,  which  was  restored 
by  removing  nearly  all  the  baffle  plates  and  thus  giving  the  gases  a 
straight  course  through  the  boiler. 

One  plant  only  has  reverberatory  matting  furnaces  with  regenera- 
tive chambers  similar  to  the  open-hearth  steel  furnaces  with  stationary 
hearths.  Tilting  furnaces  (hearths  13  by  16  feet  with  176  square  feet 
area),  similar  to  the  Campbell  open-hearth  steel  furnace,^  which  were 
built  in  1890  and  1892,  were  abandoned  on  account  of  their  small 
capacity,  and  because  of  the  fact  that  it  was  impossible,  in  pouring  off 
the  slag,  to  control  the  flow  in  such  a  manner  as  to  prevent  matte  from 
passing  over.  Small  amounts  of  matte  in  a  large  mass  of  slag  cannot 
be  distinguished  by  the  eye.     These  furnaces  were  run,  however,  for  | 

several  years  as  stationary  furnaces,  being  gradually  replaced  by  fur- 
naces of  larger  size.  The  gas  producer  used  is  the  Evans-Klepetko ;  ^ 
it  is  a  modification  of  the  well-known  Taylor  producer,  is  1 5  feet  high, 
has  a  7-foot  bosh  and  a  throat  7  feet  4  inches  in  diameter.  The  points 
in  which  it  differs  from  the  Taylor  producer  are  a  revolving  top,  a 
mechanical  feed  discharging  into  a  hopper  in  the  centre  of  the  top, 
a  steam-jet  reaching  into  the  hopper,  which,  with  a  pressure  equal  to 
that  of  the  gas  in  the  furnace,  prevents  this  gas  rising  through  the 
coal ;  four  water-cooled  stirring-arms  attached  to  the  revolving  top 
which  reach  down  into  the  bosh  and  are  so  distributed  that  they  cover 
the  entire  surface  during  one  revolution ;  lastly,  an  attachment  for  the 
sluicing  of  ashes  as  they  are  discharged  by  the  revolving  grate.  The 
producer  gasifies  from  10  to  12.5  tons  coal  in  twenty-four  hours,  the  top 
making  one  revolution  in  three  minutes.  The  analyses  in  Table  X  give 
a  comparison  of  the  two  kinds  of  coal  used  and  of  the  ashes  formed. 

Details  of  Practice. — The  coal  is  crushed  through  a  |-inch  ring  and 
passed  through  a  5-millimeter  screen ;  the  oversize  goes  to  the  produ- 
cers ;  the  fines,  forming  about  30  per  cent.,  are  burned  under  the  boilers. 
It  will  be  seen  that,  owing  to  the  high  percentage  of  ash  in  the  coal, 
the  amount  of  fixed  carbon  retained  by  it  is  exceedingly  high.     The 


1  Transactions  American  Institute  of  Mining  Engineers^  XXII,  p.  360. 

2  United  States  Patent^  No.  704,527,  July,  1902. 
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flue  from  the  six  producers  serving  one  matting  furnace  has  to  be  fired 
once  in  eight  days  to  remove  soot,  tar,  etc.,  and  washed  out  once  in 
six  weeks  to  free  it  from  ashes.  An  average  analysis  of  producer  gas 
taken  from  a  large  number  of  determinations  gave  COj,  9.4;  CO,  16.8 ; 
CH4,  2.9;  H,  13.3  ;  N,  57.6.  The  high  percentage  of  carbon  dioxide 
is  probably  due  to  the  excessive  use  of  steam.  Bunte^  has  shown  that 
the  larger  amount  of  steam  that  is  admitted  to  a  producer  the  larger 
is  the  volume  of  carbon  dioxide  formed.  The  gases,  however,  pass  off 
from  the  producers  with  a  temperature  of  700°  C,  which  would  seem 
to  counteract  the  cooling  effect  of  the  steam,  and  cause  the  carbon  to 
burn  rather  to  carbon  monoxide  than  to  dioxide. 

The  hearth  of  the  regenerative  matting  furnace,  42  feet  6  inches 
by  1 5  feet  9  inches,  has  the  same  width  at  the  ends  as  at  the  middle. 
While  this  arrangement  gives  a  larger  hearth  area  than  in  the  furnace 
tapering  at  the  ends,  it  has  the  disadvantage  that  the  sides  tend  to 
bulge  inwardly  instead  of  outwardly,  as  is  ordinarily  the  case.  The 
furnace  is  built  in  five  sections  in  order  to  allow  for  expansion,  which 
amounts  to  14  inches  over  all.  The  sections  are  separate  in  the  roof ; 
in  the  18-inch  side-walls  the  necessary  spaces  are  left  between  the 
bricks.  The  upper  tie  rods  run  over  x  foot  above  the  roof  (from  9  to 
12  inches  thick),  as  this  may  rise  as  much  as  9  inches;  the  lower  tie 
rods,  placed  4  feet  below  the  brick  hearth  supporting  the  quartz  bottom, 
were  passed  at  first  through  4-inch  wrought-iron  tubes;  when  these 
burned  out  the  new  tie  rods  were  provided  with  a  small  central  opening 
for  water  cooling.  At  present  the  rods  are  solid,  i  \  inches  in  diameter, 
and  pass  through  a  flue  2  feet  6  inches  by  3  feet  8  inches,  which  is 
ample  for  air  cooling.  The  checker  work  has  a  peculiar  construction 
to  permit  cleaning,  and  thus  reduce  the  slagging  of  the  brick  through 
dust.  The  flues  are  horizontal,  18  inches  high  by  7  inches  wide  by  11 
to  2 1  feet  long,  according  to  position ;  they  are  constructed  of  fire  brick. 
The  9-inch  brick  forming  the  tops  and  bottoms  are  laid  4^  inches  apart, 
leaving  open  spaces  to  allow  the  dust  to  fall  and  collect  in  a  pit  at  the 
bottom,  from  4  to  5  feet  deep.  The  heating  surface  is  not  very  much 
diminished  by  this  arrangement,  as  the  sides  of  the  horizontal  bricks  are 
exposed  to  the  hot  gases ;  this  would  not  be  the  case  if  the  bottoms 
and  tops  did  not  have  the  open  spaces.  The  dimensions  of  the  air 
chambers  are :  width  8  feet  6  inches  by  length  14  feet  7^  inches  by 
height  13  feet  9  inches;  of  the  gas  chambers,  width  7  feet  by  length 


iLedebur,  Gasfeuerutt^s^eny  I^ipsic,  1891,  p.  34. 
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TABLE   X. —  Analyses  of  Producer  Coal  and  Ash. 


MiNB  Run  of  thb  A.  C.  M.  Company  Belt,  Montana. 

COAL.» 

ASH.t 

d 

9 

^ 

s 

1 

1 

5: 

X 

Ji 

6 

JS 

c3 

1 

1 

1.0 

Is 

1 

JZ 

q 

-    • 

•iS 

1 

•s 

H 

> 

b. 

< 
24.1 

X 

> 

ts. 

< 

4.0 

23.6 

51.3 

1.1 

10.4 

45.4 

43.1 

4.7 

1.8 

21.4 

48.4 

28.4 

1.4 

3.3 

34.3 

61.0 

4.4 

1.4 

24.4 

49.3 

24.9 

1.5 

4.3 

30.4 

63.0 

4.1 

1.4 

25.4 

48J 

24.4 

0.9 

12.3 

40  J> 

46.3 

4.2 

1.4 

23.9 

46.9 

27.8 

1.6 

4.6 

36.3 

67  J5 

4.1 

1.4 

25  J3 

49.9 

33.2              1 2 

9.6 

■?,  Montana 

24.1 

70.1 

0.9 

MiNB  Run  of  Lochka%'  Minb,  Sand  CoI'i.ki 

_• 

*.0 

27.5 

51.7        1         19.9 

0.3 

2.4 

36.4 

60.9 

4.4 

1.1 

26.3 

52.6        ,         20.0 

0.2 

3.0 

13i» 

82.9 

4.6 

0.8 

27.0 

50.7 

21JJ        1      0.3 

3.2 

24.3 

72.2 

3.8 

0.7 

27.3 

62.7 

19.5        '      0.3 

3.8 

24.1 

71.8 

Minb  Run  of  Gbrbbb  and  Lochkav 

Mixes. 

0.3 


32.6 


00.3 


*  For  heat  values  of  these  and  of  other  coals,  see  Appendix,  Table  XV. 

t  Not  to  be  depended  upon  too  much  on  account  of  difficulty  of  obtaining  a  good  average  sample. 

The  Anaconda  coal  alone  does  not  work  well  in  the  producer;  it  is  added  to  the 
Lochray  coal,  which  alone  gives  very  satisfactory  results. 

The  ash  from  the  Gerber-Lochray  coal,  freed  from  carbon,  shows  the  following 
composition : 

SiOs,  44.15;  FejOs,  16.6;  Al208,37.9;  CaO,  i.o;  MgO,  0.4;  8,0.04. 

14  feet  7^  inches  by  height  13  feet  9  inches.  The  heating  surfaces, 
including  exposed  walls,  are  4,900  and  4,200  square  feet,  respectively. 
While  long  checkers  save  fuel,  they  tend  to  shorten  campaigns ;  the 
reverse  is  the  case  with  the  short  checkers.  Air  enters  the  hearth 
through  a  single  port  1 5  feet  9  inches  by  2  feet ;  the  gas  through  four 
ports  2o|^  by  30  inches.  The  products  of  combustion  from  the  furnace 
descend  in  a  chamber  at  one  end  of  the  checkers,  and  after  passing 
through  these,  ascend  in  the  other  at  the  opposite  end.     The  life  of  the 
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checkers  is  about  three  months.  In  order  to  lengthen  it,  experiments 
are  under  way  to  have  the  gases  go,  during  the  charging  period,  through 
a  by-pass  direct  into  the  main  flue,  and  thus  prevent  the  inevitable  dust 
from  settling  in  the  checker  flues. 

The  working-bottoms  of  the  furnaces,  as  shown  in  the  table,  have 
a  thickness  ranging  from  19  to  28  inches  at  the  lowest  point,  the  tap- 
hole.  Both  single-  and  double-bottoms  are  found.  The  single  bottom 
is  more  common  with  ore  smelting,  as  here  the  furnace  has  to  carry 
a  relatively  light  material  in  comparison  with  the  refining  furnace  with 
which  the  double  bottom  is  more  prevalent.  The  bottom-sand  is  a 
sugar-like  quartzite,  with  95  per  cent,  silica,  the  rest  being  alumina  and 
ferric  oxide.  It  is  crushed  between  rolls  to  bean-size,  say  through  a 
^-inch  ring ;  80  per  cent,  of  it  will  pass  through  a  5 -millimeter  screen. 
Two  examples  of  putting  in  a  bottom  will  show  how  great  are  the  dif- 
ferences in  practice.  One  furnace  has  a  hearth  20  by  50  feet,  is  direct- 
fired,  and  takes  73  tons  of  crushed  sandstone.  Supposing  the  furnace 
to  be  dry  and  warm,  from  6  to  7  tons  of  sand  are  charged  and  heated 
for  6  hours,  being  rabbled  at  intervals.  These  operations  are  continued 
until  one-half  of  the  total  sand  required  has  been  introduced,  when  the 
whole  is  heated  to  the  fritting  of  the  surface.  The  other  half  of  the 
sand  is  now  charged  in  the  same  manner  as  was  the  first,  and  brought 
to  fritting.  Converter  slag  is  now  poured  in  to  cement  the  particles  of 
sand  more  firmly  together ;  from  three  to  four  charges  of  calcines  are 
worked,  and  the  furnace  tapped  dry  after  the  fourth  charge.  The  fur- 
nace is  allowed  to  cool  for  three  to  four  hours,  and  is  ready  for  regular 
work.  The  time  required  for  putting  in  the  bottom  is  four  days.  The 
bottom  under  consideration  was  put  in  in  February,  19CX),  and  shows 
little  wear  today  (June,  1902). 

The  other  extreme  is  represented  by  a  gas-fired  furnace  with  regen- 
erative chambers ;  the  rectangular  hearth  is  42  feet  6  inches  by  1 5  feet 
9  inches.  It  is  presupposed  that  the  furnace  is  new  and  requires  dry- 
ing and  warming.  A  light  wood  fire  is  started  on  the  hearth  in  half 
a  dozen  places ;  the  valves  are  reversed  every  half  hour.  In  ten  days 
the  furnace  will  be  at  a  dull  red;  in  two  days  more  it  will  be  hot 
enough  to  ignite  producer  gas.  The  gas  is  turned  on  in  small  amount 
at  first ;  after  three  days  the  wood  ashes  are  taken  out ;  on  the  fourth 
or  fifth  day  (the  sixteenth  or  seventeenth  after  starting)  the  furnace  will 
be  a  bright  cherry  red.  Five  tons  sand  are  charged  through  the  hop- 
pers in  the  roof  and  spread ;  they  cover  the  hearth  to  a  thickness  of 
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2  inches.  The  sand  is  calcined,  turned  over,  and  the  furnace  brought 
to  a  normal  heat ;  charging  of  sand  and  heating  it  are  continued  in  five- 
to  six-hour  intervals  until  about  60  tons  have  been  introduced,  care 
being  taken  to  have  the  sand  thoroughly  calcined.  The  furnace  is 
now  brought  in  from  thirty-sLx  to  forty-eight  hours  to  the  highest  heat 
that  can  be  obtained  without  endangering  the  brickwork,  and  the  sand 
brought  to  a  set  which  amounts  to  about  3  inches  in  thickness.  The 
high  heat  is  maintained  for  sixteen  hours,  and  the  furnace  then  cooled 
down  in  eight  hours  to  a  dull  cherry  red.  Enough  calcines  (giving 
4 5 -per  cent,  copper  matte)  are  dropped  through  the  roof  to  cover  the 
hearth  to  a  depth  of  3  inches ;  they  are  melted  down  and  are  absorbed 
by  the  sand  bottom.  The  furnace  is  cooled  as  before,  and  a  second 
charge  of  calcines  given  and  smelted.  Part  only  of  the  charge  will  be 
taken  up  by  the  hearth  ;  the  rest  is  tapped  out.  The  furnace  is  again 
cooled,  from  1 2  to  1 5  tons  ore-charge  are  given,  melted  down,  and  the 
furnace  tapped  dry  and  cooled  to  a  dark  red,  but  more  slowly  than 
before.  It  is  again  fired  up,  worked  for  three  days  as  under  normal 
conditions,  and  then  tapped  dry  and  allowed  to  cool  to  a  cherry  red. 
It  is  now  safe  for  any  kind  of  work.  The  time  required  to  bring  a 
new,  cold  furnace  to  this  point  is  three  weeks.  The  object  of  the 
repeated  coolings  of  the  furnace  is  to  harden  the  bottom.  A  bottom 
put  down  without  cooling  is  liable  to  be  mushy  when  it  is  hot,  even 
though  it  be  hard, when  relatively  cool. 

The  ore-charges  consist  mainly  of  roasted  concentrates,  with  fines 
from  first-class  ore ;  sometimes  small  additions  of  limestone  are  made. 
In  converter  plants  low-grade  blast-furnace  matte  is  often  poured  into 
the  reverberatory  matting  furnace  in. order  to  raise  the  percentage  of 
copper. 

In  regular  work  the  charge  is  collected  above  the  furnace  in  from 
five  to  seven  hoppers,  having  discharge  pipes  with  gates,  and  dropped 
onto  the  hearth.  With  non-regenerative  furnaces  the  bulk  of  the 
charge  is  collected  near  the  fire  bridge ;  thus  with  five  hoppers,  e.g.y 
seven  and  one-half  volumes  of  the  charge  will  be  dropped  through 
hopper  Number  i  near  the  fire  bridge,  then  six  and  one-half  volumes 
through  hopper  Number  2,  five  through  Number  3,  three  through 
Number  4,  and  one  through  Number  5  near  the  flue  bridge.  With 
a  regenerative  furnace  having,  for  example,  seven  hoppers,  charge  will 
be  first  dropped  through  the  end  hoppers  that  it  may  flow  toward  the 
centre,  then  through  the  central  hopper  and  its  two  neighbors,  and 
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lastly  through  the  two  remaining  ones,  the  flow  being  regulated  with 
the  gates  that  there  may  be  an  even  distribution.  The  charge  is  now 
melted  down  and  stirred  at  intervals  in  order  to  break  up  lumps.  With 
a  furnace  that  has  been  tapped  dry,  the  bottom  has  to  be  rabbled  in 
order  to  bring  adhering  melted  parts  to  the  surface.  When  melted 
and  thoroughly  liquefied  the  slag  is  skimmed  into  a  settling  box  or  a 
Devereux-Livingstone  settling  pot,^  that  particles  of  matte  carried  out 
by  the  slag  may  be  collected  and  saved.  With  zinckose  ore  it  is  im- 
portant to  give  a  good  fire  before  tapping,  that  there  may  b^  a  good 
separation  of  the  mushy,  zincky  matte  (which,  being  light,  floats  on  the 
surface  of  the  heavy  matte)  and  the  slag.  The  overflow-slag  is  col- 
lected either  in  waste-slag  pots  of  from  5  to  6  tons  capacity,  hauled  to 
the  dump  electrically  and  poured,  or  it  is  granulated  and  carried  off  by 
a  stream  of  water.  Granulating  slag  from  the  reverberatory  matting 
furnaces  was  first  introduced  in  1888  at  the  Anaconda  Lower  Works. 
In  order  to  reduce  the  copper  contents  of  this  slag,  fine  pyrites  has 
been  sprinkled  into  it  before  the  final  firing  up,  with  the  hope  that 
slagged  copper  may  be  sulphurized  and  carried  into  the  matte.  The 
matte  is  removed  from  the  furnace  wholly  or  only  in  part,  depending 
on  whether  it  is  to  be  collected  and  shipped  or  transferred  to  the  con- 
verters. When  the  furnace  is  to  be  tapp>ed  dry,  which  occurs  only  after 
several  charges  (with  high  concentrations  as  many  as  twelve  charges) 
have  been  treated,  and  the  hearth  holds  from  1 8  to  20  inches  of  matte, 
this  is  run  into  sand  moulds  or  cast-iron  moulds  of  similar  form,  or  it 
is  first  collected  in  a  steel  ladle,  and  then  poured  into  the  form  of  flat 
cakes.  With  a  converter  plant  only  part  of  the  matte  is  removed  after 
every  charge,  the  aim  being  to  keep  the  level  as  nearly  constant  as 
possible.  With  furnaces  that  are  tapped  dry,  the  sides  are  patched  or 
fettled  after  every  tap.  With  converter  plants,  fettling  of  the  matting 
reverberatories  is  resorted  to  only  once  every  four  or  five  weeks.  As 
fettling  material,  siliceous  gold  ore  has,  in  some  instances,  replaced  the 
usual  sand.  A  furnace  runs  about  ninety  days  before  it  needs  suffi- 
cient repairs  to  require  shutting  down.  The  subjoined  partial  analysis 
of  flue  dust  collected  in  the  gas  checkers  of  a  furnace  gave : 

Insoluble,  91. i  per  cent. ;  SiOg,  62.2  ;  Fc^Og,  8.2  ;  AlgOj,  25.7  ;  CaO, 
1.8;  MgO,  none;  S,  0.30;  CuO,  2.3. 

Evidently  considerable  coal  ash  was  carried  over  by  the  gas. 


1  Hofman,  Lead^  1899,  P-  267. 
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The  material  formed  in  the  air  checkers  resembles  slag  very  much 
in  analysis,  except  that  it  is  higher  in  copper  (/.  e,,  5  to  9  per  cent.), 
silica,  and  alumina,  and  a  trifle  lower  in  iron. 

VII.     Converting  Copper  Matte. 

The  converting  of  copper  matte  has  undergone  many  changes  in  the 
form  of  apparatus  and  the  mode  of  working  since  1884,  when  the  first 
converter  was  put  into  operation. 

The  original  Parrot  converter,^  swinging  in  a  vertical  plane,  was 
8 1  feet  high  and  5  feet  in  diameter,  outside  dimensions.  The  matte 
was  melted  down  in  a  cupola  and  tapped  into  the  converter  through 
a  launder.  In  1886  the  original  method  of  working  in  separate  stages 
was  changed,  and  50-per  cent,  matte  was  brought  forward  to  coarse 
copper  in  one  operation.  As  the  initial  charge  was  2,500  pounds  of 
matte,  increasing  to  a  maximum  of  9,000  pounds,  the  siliceous  lining 
being  eaten  and  worn  away,  the  amount  of  coarse  copper  produced  in 
a  blow  was  relatively  small.  The  largest  upright  converter  in  Mon- 
tana ^  is  14  feet  2\  inches  in  height  and  7  feet  in  diameter,  outside 
dimensions.  It  works  with  an  average  charge  of  5  tons  and  a  final 
charge  of  1 1  tons  of  so-per  cent,  copper  matte,  receiving  it  as  direct 
matte  from  the  forehearth  of  the  blast  furnace  or  from  the  reverbera- 
tory  furnace.  Working  direct  matte  was  planned  in  1890-91  by  the 
late  CO.  Parsons,  and  carried  out  by  F.  Klepetko  in  1892  ;  matte 
was  transferred  from  reverberatory  and  blast  furnaces  by  means  of 
ladle  and  electric  crane  to  the  converter.  At  two  plants  a  medium- 
sized  converter  was  lifted  by  means  of  an  overhead  traveling  crane 
from  its  trunnion  supports  and  brought  to  the  blast  or  reverberatory 
matting  furnace  to  receive  its  liquid  charge ;  this  method  has  become 
obsolete,  but  it  has  its  advantages. 

At  present  the  Parsons-Klepetko  method  is  generally  employed. 
A  converter  charge  is  tapped  from  the  blast-furnace  forehearth,  or 
the  reverberatory  matting  furnace,  into  a  steel  ladle  managed  by  an 
electric  traveling  crane  and  poured  into  the  converter.  Ladles  vary 
in  size ;  a  common  form  has  a  diameter  of  5  feet  and  a  height  of 
3  feet  10  inches.     The  lining,  ordinary  loam,  is  plastered  on  by  hand. 


1  Peters,  op.  cit.y  p.  529.     Stickney,  754^  Mineral  Industry^  I,  p.  154. 

3 The  largest  upright  converters  are  those  of  Aguas  Calientes,  Mexico:  height,  16  feet; 
diameter,  8  feet. 
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dried  by  an  air  current  and  then  by  a  fire  (wood,  coke) ;  converter 
slag,  to  the  thickness  of  3  inches,  is  then  poured  in.  Matte-ladles 
are  used  also  as  slag-ladles.     A  lining  is  good  for  9^  tons  of  copper. 

When  the  so-per  cent,  matte  has  been  blown  to  white  metal,  the 
dag  is  skimmed  and  the  converter  very  often  recharged  with  50-per 
cent,  matte  and  blown  through  the  slagging  stage ;  but  more  commonly 
the  original  charge  of  matte  is  blown  to  coarse  copper  after  skimming 
without  addition  of  fresh  matte.  Doubling  charges  is  a  common  pro- 
cedure on  matte  running  less  than  50  per  cent,  copper.  After  skim- 
ming the  slag  the  white  metal  is  brought  forward  to  coarse  copper. 
By  these  double  charges  considerable  amount  of  copper  is  produced  in 
one  blow,  to  be  poured  into  the  form  of  shipping  ingots,  from  200  ta 
250  pounds,  or  anodes,  or  into  a  refining  furnace,  to  be  refined  before 
casting  into  anodes. 

The  upright  converter  has  been  replaced  in  the  new  plants  by  the 
David-Manh^s  or  barrel  or  trough  converter,  swinging  in  a  horizontal 
plane.  Here  we  find  two  sizes:  the  smaller,  in' more  general  use,  is 
7  feet  in  diameter  and  10  feet  6  inches  long;  it  receives  an  initial 
double  charge  of  5  tons  and  a  final  double  charge  of  12  tons  50-per 
cent,  matte;  the  larger  one  is  8  feet  in  diameter  and  12  feet  5  inches 
long;  the  initial  double  charge  is  10  tons,  and  the  final  double  charge  is 
20  tons.  The  main  reason  for  replacing  the  upright  by  the  horizontal 
converter  is  the  low  blast  pressure  required  by  the  latter  type,  10  versus 
1 5  pounds,  although  this  advantage  suffers  greatly  by  the  difficulty  of 
making  the  lining  firm,  a  thing  relatively  easily  accomplished  in  the 
vertical  converter.  Converting  matte  in  a  bottom-blown  upright  vessel 
has  been  tried.  This  was  1 3  feet  high  and  7  feet  in  diameter,  had  six- 
teen |-inch  tuyeres  placed  in  a  manner  similar  to  that  which  obtains  in 
making  steel  by  the  Bessemer  process.  The  experiments  were  success- 
fill  so  far  as  the  process  proper  was  concerned,  1.^.,  50-per  cent,  matte 
was  satisfactorily  brought  forward  to  coarse  copper,  which  remained 
sufficiently  fluid  to  be  poured  satisfactorily.  They  appear  to  show 
that  the  failure  of  Manh^s  to  use  a  bottom-blast  converter  *  in  his  first 
experiments  was  probably  due  to  his  operating  with  too  small  a  vessel 
from  which  matte  and  slag  were  blown  out,  and  with  too  little  matte,, 
which  furnished  only  a  small  amount  of  copper  quickly  chilled  by  the 
blast.  The  Montana  experiments  have  not  been  followed  up  for  the 
present,  as  the  life  of  the  bottom  was  too  short,  parts  of  it  floating  uj> 


iGriiner,  Bulletin  de  r Industrie  Mittirale  de  Ste,  £tienne,  1885,  XIV,  p.  607. 
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during  a  blow.  The  experience  gained  so  far  tends  to  show  that  the 
bottom-blown  converter  works  more  quickly  than  the  side-blown,  that 
the  wear  of  the  lining  is  more  even,  and  that  the  critical  points  are  less 
easily  discovered  and  have  to  be  watched  with  great  care.  When  the 
question  of  lining  the  bottom  will  have  been  settled  satisfactorily,  it  is 
believed  that  blowing  from  the  side  will  be  given  up,  at  least  with  a 
large  converter  having  an  initial  charge  of  $  tons  50-per  cent,  matte. 
A  gyratory  motion  of  the  charge,  obtained  by  placing  the  bottom 
tuyeres  inclined, 'as  in  the  David  ScUcteiir}  may  lengthen  the  life  of 
a  converter  lining. 

In  all  plants  the  converters  are  placed  in  a  single  row,  forming  a 
straight  line.  Back  of  them  is  the  main  flue  (vacuum  o.  i  inch  water), 
with  projecting  hoods,  into  which  the  converters  discharge  their  gases, 
vapors,  and  finely  divided  particles  of  charge  (called  flue-dust).  The 
main  flue  ends  in  a  dust  chamber  (temperature  370°  C.)  connected  with 
a  stack.  At  some  works  the  matte  is  poured  into  a  converter  at  the 
front  from  a  susi^ended  ladle ;  at  others  it  arrives  at  the  back  (above  the 
main  flue)  in  a  ladle,  and  is  jxHired  into  a  launder,  which  delivers  it  at 
the  front.  A  stall  is  served  by  from  two  to  two  and  one-half  convert- 
ers and  from  one  and  one-half  to  two  ladles.  The  lining  of  converters, 
both  of  body  and  of  caps,  is  still  causing  trouble,  as  in  the  most  favora- 
ble case  the  body  has  to  be  removed  after  28  tons  of  copper  have  been 
treated ;  the  cap  has  a  longer  life.  The  material  is,  of  course,  siliceous. 
A  greenish  granular  sandstone  (SiOa,  64.4;  FeO,  7.6;  Al^Og,  16.5; 
CaO,  I.I  ;  MgO,  1.8;  Ignition  loss,  4.7),  which  readily  crumbles  when 
exposed  to  the  air,  is  used  without  any  admixture  of  a  bond.  A 
crushed  quartzite  pugged  with  5  per  cent,  clay  gives  a  satisfactory 
mixture  (SiOj,  88.6;  FcgOg,  3.1;  Al20g,  4.0;  CaO,  1.6);  lining-sand 
has  been  mixed  with  slimes  from  the  ore-dressing  works  (insoluble, 
75.3;  SiO.^,  60.0;  Fe,  2.2;  AlgOg,  19.9;  S,  6.8;  As  and  Sb,  0.75; 
Cu,  6.05)  and  with  secondKrlass  ore  (insoluble,  68.9;  SiOjj,  57.0;  Fe, 
9.6;  AI2O3,  10.4;  S,  15.95;  Cu,  5.95;  Ag,  2  ounces  per  ton),  giving 
the  following  material : 

Insoluble,  82.2;  SiO.^,  63.0;  Fe,   5.9;  Al^Og,   17.3;  CaO,   1.5;  MgO, 
1.3;  S,  2.1;  Cu,  i.o;  H.2O,  ii.o;  ignition  loss,  4.1. 

Another  mixture  for  the  body  of  the  converters  consists  of  quartzite 
(SiOg,  90  to  91  ;  AI2O3,  2.0;  FeO,  3.0;   Ag,  10  to  20  ounces  per  ton) 

^P.  L.  Burthe,  AtiuaUs  des  Mitus,  1898,  XIII,  p.  621.  Engirutring  aud  Alining 
Journal^  Oct.  22,   1898. 
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and  slimes  (SiOj,  60 ;  Fe,  4  to  5  ;  Al^Og,  15;  S,  9 ;  Cu,  5  to  7)  to 
form  a  lining  (SiOj,  85;  Fe,  3.3;  AljOg,  4;  S,  3;  Cu,  4;  Ag,  12 
ounces  per  ton). 

Table   XI  gives  analyses  of   all  the  materials  used  to  make  the 
converter-lining. 


TABLE   XI. —  Analyses  of  Converter  Linings. 
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Greenish,  granular  sandstone, Great 
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Crushed  quartzite,  with  5  per  cent. 
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Quartzite 
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Slimes 

60.0 
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In  some  instances  siliceous  gold  ores  have  been  worked  in  as  a 
lining  material.  The  material  for  the  cap  is  generally  made  more 
plastic  than  that  of  the  body.  The  lining  usually  consists  of  body- 
lining  material  and  5  to  lo  per  cent,  of  clay,  and  is  mixed  with  more 
water  than  the  body  material.  If  the  lining  of  the  body  were  eaten 
away  solely  by  the  scorifying  action  of  the  iron,  its  life  would  be  much 
longer  than  it  is.  The  chemical  action  in  some  instances  plays  even 
a  subordinate  part  to  the  mechanical  wear  by  the  swash  of  the  liquid 
charge,  which  causes  part  of  the  lining  to  break  off.  This  is  espe- 
cially observable  in  the  barrel  converter.  The  chemical  wear  takes 
place  mainly  near  the  tuyeres,  the  mechanical  wear  at  the  opposite  side 
near  the  top  of  the  body.  In  an  upright  converter  14  feet  2  inches 
high  and  7  feet  in  diameter,  the  bottom  lining  will  be  22  inches  thick, 
the  side  lining  at  the  tuyeres  will  be  30  inches  thick,  and  on  the 
opposite  only  18  inches,  while  at  the  top  of  the  body  the  lining  on 
the  tuyere  side  will  be   \^\  and  opposite  27|  inches  thick. 
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In  a  horizontal  converter  lo  feet  6  inches  long  and  7  feet  in  diame- 
ter, the  bottom  will  be  18  inches  thick,  consisting  of  a  4-inch  segmen- 
tal layer  of  mixture  tamped  onto  the  steel  shell,  followed  by  a  slightly 
curved  4^-inch  course  of  brick  and  by  a  lO-inch  layer  of  mixture.  The 
sides  are  lined  with  a  course  of  4|-inch  fire  brick,  special  brick  6\  by 
6|  by  4  inches  being  used  at  the  tuyere  level.  A  cross  section  through 
the  tuyere  level  will  show  the  sand  lining  to  be  30  inches  at  the  tuyeres 
and  16  inches  opposite;  at  the  top  of  the  body  the  corresponding  dimen- 
sions will  be  20  and  20  inches.  The  longitudinal  section  will  show  the 
side  lining  to  be  16  inches  at  top  of  the  bottom  lining  and  34  inches 
at  the  top  of  the  body.  The  ends  are  not  lined  with  brick.  Some- 
times the  lining  is  still  rammed  in  by  hand;  an  air-drill  adapted  for 
the  purpose  or  the  flask-tamper  of  the  foundryman  is  more  common. 

The  ramming  is  done  by  contract,  a  premium  being  paid  if  the 
converter  makes  more  than  the  standard  amount  of  copper  on  a  lining, 
and  deductions  made  if  it  falls  below  it.  If  the  lining  is  to  be  patched, 
the  vessel  is  first  emptied  and  tl>en  cooled  with  water  from  the  outside ; 
then  lining  material  is  rammed  in  or  a  few  scoopfuls  of  infusible  odds 
and  ends  are  thrown  in,  tamped  down,  and  slag  thrown  over  the  patch. 
Occasionally  matte  is  run  into  the  empty  converter  and  allowed  to 
solidify.  Experiments  in  lengthening  the  life  of  the  converter-lining 
by  pouring  siliceous  blast-furnace  slag  into  the  converters,  with  the 
hope  that  the  excess  of  silica  over  that  of  the  normal  converter  slag 
would  combine  with  the  oxidized  iron  from  the  matte,  have  been  only 
partially  successful. 

The  difficulty  and  expense  of  handling  converter  slag  have  been 
overcome  in  one  plant  by  the  use  of  slag  casting-machine. 

The  average  time  to  complete  a  charge  with  a  5 -ton  upright  con- 
verter is  two  hours  fifty-five  minutes;  this  figure  is  reduced  to  two 
hours  twenty  minutes,  if  the  time  taken  up  by  pouring  and  waiting  is 
excluded.  The  blowing  of  a  single  charge  takes  forty-seven  minutes ; 
a  double  charge  takes  eighty-two  minutes.  In  pouring  the  slag  a  rabble 
is  pushed  in  and  out  of  the  stream  of  slag.  The  appearance  of  bright, 
sizzling  specks  is  a  sign  that  white  metal  is  coming  over.  A  few  partial 
analyses  of  the  products  obtained  in  converting  are  subjoined : 
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Cu. 
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FeO. 

Al,Oa. 

CaO. 

Ag,  Au.Ozs. 
PBR  Ton. 
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As    AND 

Sb. 

Slag 

2.0 

30.0 

65.2 
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1.0 

Slag 

1.6 

29.8 

57.8 

10.0 

1.0 

0.8 

Slag 

5-6 

31-32 

54.0 

Dust 

37.8 

1.5 

7.4 

1.9 

None. 

14.3 

4.8 

Dust 

63.4 

3.8 

12.8 

53.8 

16.0 

Dost 

65.0 

Pig  copper 

99.0 

9-40 

The  labor  required  per  shift  for  a  single  converter  is  made  up  of  one 
skimmer,  one  puncher,  one  helper,  and  one  sampler. 

With  three  large  horizontal  converters  running  as  steadily  as  possi- 
ble, the  number  is  one  skimmer,  two  punchers,  two  helpers,  and  two 
samplers. 

In  Table  XIII  some  of  the  data  given  previously  have  been  sum- 
marized, and  some  additional  facts  have  been  added. 
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Upright  vessel,  7  feet  x  14  feet  7  inches 

51.1 

7.07 

7.63 

.53 

14.8 

8 
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18 

Medium  barrel,  7  feet  x  10  feet  6  inches 

51.7 

6.66 

8.40 

.32 

26.2 

14 
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12 

Large  barrel,  8  feet  x  12  feet  6  inches 

45.0 

17.79 

16.60 

.80 

20.0 

18 

li 

15 

*  These  data  do  not  show  the  amount  of  lining  material  required  to  line  a  fuw  converter,  but  only  the  average 
weight  put  in  after  a  lining  is  worn  down  to  the  point  where  further  charges  would  endanger  the  iron  shell. 

It  will  be  seen  that  the  medium  barrel  uses  much  less  lining  per 
ton  of  resulting  copper  than  the  upright  vessel,  although  the  grade  of 
the  matte  differs  only  slightly.  This  may  be  explained  by  the  more 
siliceous  character  of  the  lining  used,  as,  except  for  the  mechanical 
effect  of  making  the  material  plastic,  alumina  would  be  of  no  service 
in  scorifying ;  furthermore,  the  lining  of  the  upright  vessel  runs  higher 
in  iron. 
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The  lining  of  the  large  barrel  is  of  about  the  same  quality  as  that 
used  with  the  medium  barrel ;  but  as  the  matte  of  the  former  is  of  a 
lower  grade,  the  quantity  of  lining  used  per  ton  of  resulting  copper  is 
naturally  higher. 

Converter  Lining. 
Medium  barrel     . 
Upright  vessel     . 

In  the  upright  vessel  the  amount  of  free  air  used  per  ton  of  copper 
converted  is  about  200,000  cubic  feet,  not  allowing  for  "  leakage "  in 
the  blowing  engines. 

Yield  of  Metal.  —  The  general  yield  of  metal  in  roasting,  smelting, 
and  converting,  in  treating  an  ore  assaying  10  to  12  per  cent,  copper 
and  about  4  ounces  silver  per  ton,  is  copper  92  +  and  silver  95  -|-  P^r 
cent. 

VIII.     Electrolytic  Refining  of  Copper. 

The  work  of  the  two  electrolytic  refining  plants  in  the  Butte  dis- 
trict, at  Great  Falls  and  Anaconda,  is  of  especial  interest,  as  they 
work  under  different  conditions  of  power,  while  they  treat  similar 
anode  copper  by  the  multiple  process.  The  works  at  Great  Falls, 
driven  by  water  power,  have  312  tanks,  9  feet  9  inches  long  by  2  feet 
4  inches  wide  by  3  feet  9  inches  deep,  in  three  sets  of  104  tanks,  each 
set  having  a  separate  solution ;  a  tank  is  charged  with  twenty  anodes 
and  twenty  cathodes ;  the  current  is  of  forty  amperes  per  square  foot 
of  cathode  area;  two  Westinghouse  direct-current  machines  generate 
9,000  amperes  at  200  volts.  The  works  of  Anaconda,^  driven  by 
steam  power,  have  1,400  tanks  8  feet  2  inches  long  by  4  feet  5  inches 
wide  by  4  feet  6  inches  deep  in  sets  of  200  each.  A  tank  is  charged 
with  thirty-eight  double  anodes  and  eighty  cathodes ;  the  current  is 
of  ten  amperes  per  square  foot  of  cathode  area.  There  are  seven 
dynamos,  each  generating  4,000  amperes  at  sixty  volts  for  200  vats. 

The  anodes  of  the  Butte  district  assay  Cu,  98  to  99  per  cent. ;  Ag, 
40  to  120  ounces  per  ton;  Au,  o.i  to  1.5  ounces  per  ton.  They  are 
cast  either  direct  from  the  converter,  or  the  converter  copper  is  first 
refined  in  a  reverberatory  furnace.^ 


^  Engineering  and  Mining  Jourtial^  Sept.  19,  1896. 

2  Refining  converter  copper  before  casting  into  anodes  has  been  given  up  at  Great 
Falls,  in  spite  of  the  advantages  mentioned  later  on  in  the  text  as  regards  corroding, 
because  the  gain  did  not  warrant  the  expense.  At  Anaconda,  where  power  is  generated 
by  steam,  it  is  of  considerable  advantage  to  have  refined  anodes. 
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The  converter  charge  is  blown  to  the  point  at  which  the  copper 
still  retains  considerable  sulphur  dioxide  in  solution.  In  pouring  anodes 
from  the  converter,  the  copper  strikes  a  launder  swung  in  position, 
which  delivers  the  copper  into  open  flat  moulds  resting  on  a  car  moved 
slowly  on  rails  laid  between  the  posts  of  a  stand.  The  strong  evolu- 
tion of  sulphurous  gas  upon  cooling  makes  the  anodes  very  uneven. 
The  moulds  are  of  copper,  but  have  cast-iron  centres  that  take  up  the 
impinging  force  of  the  stream  of  metal.  If  the  copper  is  first  to  be 
refined,  the  metal  from  several  converters  is  emptied  into  ladles  which 
discharge  their  contents  into  the  stationary  refining  furnaces.  Here 
the  rabbling  of  the  copper,  in  order  to  cause  the  oxidation  necessary 
to  produce  set  copper,  has  been  replaced  by  forcing  air  into  the  copper 
by  I -inch  wrought-iron  pipes  inserted  through  the  side-  and  end-doors 
of  the  refining  furnace.  The  two  hours  required  for  rabbling  have  been 
reduced  to  one  and  one-quarter  hours  by  blowing ;  6  feet  of  pipe  are 
used  up  with  a  40-ton  charge.  Oxidation  is  continued  until  a  small 
ladle-sample  when  broken  shows  the  characteristic  single  bubble  in 
the  depressed  centre.  Care  is  taken  to  bring  the  copper  only  to  this 
point,  when  the  copper  is  saturated  with  cuprous  oxide,  as  otherwise 
the  surface  will  quickly  become  oxidized  and  covered  with  melted  oxide. 
The  set  copper  is  then  poled  to  tough-pitch  copper,  fifteen  poles  (3 
inches  at  end,  7  inches  at  butt,  and  15  to  18  feet  long)  being  required 
for  50  tons  of  copper.  From  the  reverberatory  furnace  the  anodes  are 
cast  by  means  of  an  improved  form  of  Walker  casting  machine.^ 

A  tilting  reverberatory  furnace  constructed  along  the  general  lines 
of  the  Bruckner  cylinder  was  used  at  the  old  Anaconda  works,  but 
given  up  after  a  short  trial. 

Converter  anodes  are  less  evenly  corroded,  give  more  scrap,  and 
furnish  a  mud  of  lower  grade  than  do  anodes  from  the  refining  furnace. 
Coarse  copper,  e.g.y  with  Cu,  99.27  per  cent.;  As  and  Sb,  0.07  per 
cent.;  Ag,  61.14  and  Au,  0.22  ounces  per  ton,  cast  from  the  convert- 
ers into  anodes  gave  8  per  cent,  scrap,  and  the  anode  mud,  after  having 
been  passed  through  a  40-mesh  sieve,  washed  and  dried,  contained  Cu, 
41  per  cent.;  Ag,  7,ocx)  and  Au,  18  ounces  per  ton.  Similar  copper 
refined  in  the  reverberatory  furnace  and  then  cast  into  anodes  gave 
in  corroding  only  5.5  per  cent,  scrap,  while  the  40-mesh  anode  mud 
assayed  Cu,  18  per  cent.;  Ag,  15,000,  and  Au,  38  ounces  per  ton. 


1  The  Mineral  htdustry,  VII,  p.  252. 
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The  Great  Falls  anodes  are  24  inches  wide  by  35  inches  long  by 
3  inches  thick  at  the  top  and  2\  inches  thick  at  the  bottom ;  they  are 
beveled  at  the  bottom ;  the  two  lugs  on  top  are  4^^  inches  wide  by 
2\  inches  long  by  2  inches  thick.  The  anodes  are  suspended  from 
cast-copper  crossbars  {\\  inches  by  ij  inches)  by  means  of  the  Mor- 
row clip,^  a  loop  of  sheet  copper  2\  inches  wide  (recently  replaced  by 
a  rod  \  inch  in  diameter)  by  3J  inches  high,  the  ends  of  which  are 
allowed  to  project  into  the  anode  moulds  before  they  are  filled  with 
liquid  copper.  A  converter  anode  weighs  500  pounds,  and  is  suffi- 
ciently corroded  in  about  eighteen  days  to  be  withdrawn  and  regarded 
as  scrap,  a  new  anode  being  put  in  its  place.  The  Anaconda  anodes 
are  24  to  24^  inches  wide,  32^  inches  long,  and  i\  inches  thick  at  the 
top,  and  I  inch  at  the  bottom.  They  have  two  top  lugs  6  inches  wide 
with  holes,  and  are  suspended  in  pairs  from  iron  copper-covered  cross- 
bars {\  by  1 1  inches),  nineteen  to  a  tank,  by  means  of  copper  hooks 
\  inch  thick.  An  anode  weighs  230  pounds  and  is  corroded  in  thirty- 
seven  days. 

The  cathodes  are  made  in  the  usual  way  in  tanks  set  apart  for  the 
purpose.  They  are  slightly  longer  and  wider  than  the  anodes.  At 
Great  Falls  they  are  26  inches  wide  by  36^  inches  long  and  weigh 
2\  pounds ;  at  Anaconda  they  are  1 1  inches  wide  by  33  inches  long 
and  weigh  |  to  i  pound.  At  Great  Falls  the  cathodes  are  suspended 
by  the  Morrow  clip,  which  is  fastened  to  the  starting  sheet  by  a 
machine,'^  which  punches  a  hole  through  the  loop  and  sheet,  bends 
over  the  lugs,  and  clamps  them  fast.  At  Anaconda  the  upper  rim 
of  the  starting  sheet  is  bent  and  clamped  over  the  ends  of  a  piece  of 
sheet  copper  4^  inches  wide  by  1 1  inches  long ;  four  cathodes  go  to 
a  crossbar;  the  electrode-distance  ranges  from  \\  inches  to  2  inches. 

The  tanks  are  made  of  3-inch  plank,  and  are  lined  with  8-pound 
lead ;  the  bottoms  have  a  board  cover  to  protect  the  lead  lining  from 
pieces  of  anode  copper  that  may  become  detached.  At  Great  Flails 
the  vats  are  arranged  in  pairs  with  three  conductor  bars,  the  central 
bar  serving  as  cathode-bar  for  one  tank,  and  as  anode-bar  for  the 
other.^  At  Anaconda,  with  the  Thofern  disposition,  the  tanks  are 
arranged  in  single  rows.* 


'^United  States  Patents^  No.  621,121,  March  14,  1899;  No.  631,471,  Aug.  22,  1899. 
a  United  States  Patent,  No.  600,498,  March  8,  1898. 
8  Illustration  in  The  Mineral  Industry,  VII,  p.  186. 
*  Berg-  und  Hitttenmdnnische  Zeitting.  1893,  p.  54. 
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The  electrolyte  contains  with  the  heavier  current  170  grammes  con- 
centrated sulphuric  acid  and  42  grammes  copper  per  litre ;  with  the 
lighter  current,  150  grammes  acid  and  40  grammes  copper.  The 
resistance  appears  to  begin  to  increase  when  the  copper  rises  above 
42  grammes.  The  temperature  of  the  electrolyte  at  the  head  tank  is 
64°  C.  and  50^  C,  and  the  circulation  six  and  three  gallons  per  minute. 
Solutions  are  admitted  and  drawn  off  either  at  the  ends  or  the  sides, 
precautions  being  taken  by  means  of  perforated  lead  baffle-plates  to 
have  an  even  distribution,  and  thus  avoid  stirring  up  any  mud.  The 
different  forms  of  plunger  pumps,  which  were  formerly  used  to  raise 
the  electrolyte,  have  given  way  to  Pohle's  air-lift  pumps  working  under 
a  pressure  of  25  pounds.  These  have  proved  very  satisfactory,  espe- 
cially since  the  delivery  pipe  has  been  cut  in  two  near  the  discharge 
and  the  ends  joined  by  a  rubber  hose,  thus  breaking  any  electric  con- 
nection. The  electrolyte  becomes  enriched  in  copper,  and  takes  up 
iron,  arsenic,  and  antimony.     A  foul  solution  contained,  e,g.y  per  litre: 

Cu,  51.8  grammes;  Fe,  13.2  grammes;  As,  14.02  grammes;  Sb,  0.62 
grammes ;  HgSO^,  48  grammes. 

The  low  percentage  of  antimony  is  due  to  the  practice  of  adding  daily 
enough  concentrated  crude  hydrochloric  acid  to  the  head  tank  to  main- 
tain .04  grammes  chlorine  per  litre  in  solution.  This  addition  precipi- 
tates antimony,  it  is  believed,  as  oxychloride.  When  there  is  deficiency 
of  hydrochloric  acid,  a  sample-plate  becomes  streaked,  tarnished,  black, 
and  at  the  same  time  brittle.  The  excess  of  copper  over  the  normal 
is  removed  by  shunting  off  part  of  the  electrolyte  and  making  it  pass 
through  tanks  with  lead  anodes.  By  retarding  the  flow  of  this  current 
through  a  second  set  of  tanks,  arsenic  will  be  deposited  with  the  rest 
of  the  copper.  The  slime  deposited  in  such  a  purifying  vat  showed 
Cu,  57.1  per  cent.;  HgSO^,  11.8  per  cent.;  Ag,  0.3  per  cent.;  As, 
7.2  per  cent.;  Sb,  1.8  per  cent.;  HjO,  18.4  per  cent.;  difference: 
traces  of  PbS04  and  traces  of  Fe. 

While  the  difference  in  potential  between  electrodes  with  soluble 
anodes  is  0.6  (Great  Falls)  and  0.3  (Anaconda)  volt,  with  insoluble 
anodes  it  rises  to  2.5  and  2.0  volts.  When  iron  is  to  be  removed  the 
solution,  freed  from  copper  and  arsenic,  is  concentrated  by  heating  to 
one-third  of  its  volume  and  then  cooled,  when  most  of  the  iron  will 
crystallize  out  in  the  form  of  ferrous  sulphate.  At  Great  Falls  the 
cathodes  are  renewed  every  second  day.     They  weigh  55  pounds  and 
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contain  Cu,  99.95  per  cent.;  As,  0.0012  per  cent;  Sb,  0.0033  per 
cent. ;  Ag,  i  ounce  per  ton.  Although  this  method  of  working  uses 
up  a  large  number  of  starting-sheets,  it  is  found  to  be  advantageous, 
as  with  the  large  current  of  forty  amperes  there  is  a  loss  in  efficiency 
on  account  of  short  circuiting  if  the  cathodes  are  allowed  to  grow 
heavier.  Thus  with  two-day  cathodes  there  is  an  ampere  efficiency 
of  91  per  cent.,  while  with  four-day  cathodes  this, falls  off  to  85  per 
cent.  The  cathodes,  taken  out  four  at  a  time  by  means  of  an  over- 
head traveling  pulley,  are  transferred  to  lead-lined  cars  and  replaced 
by  starting-sheets.  The  twenty  cathodes  in  a  car  are  then  raised  to- 
gether by  means  of  an  electric  crane  dipped  into  water,  drained,  dipped 
into  milk  of  lime,  and  allowed  to  dry.  The  coat  of  lime  protects  the 
plates  in  melting  down  from  the  sulphurous  gases  in  the  products  of 
combustion  of  the  refining  furnace. 

At  Anaconda  cathodes  are  removed  only  when  the  anodes  are  com- 
pletely corroded.  After  two  days'  depositing  they  are,  however,  taken 
out  and  straightened.  A  tank  receives  at  once  all  its  anodes ;  in  the 
same  way  all  the  cathodes  are  taken  out  by  one  operation. 

The  anode  mud  made  at  Great  Falls  is  removed  by  a  steam-injector 
pump  and  rubber  hose  from  the  electrolyzing  vat  into  a  settling  tank 
covered  with  a  forty-mesh  screen  ;  it  is  then  drawn  off  into  an  acid  egg, 
forced  through  a  filter  press,  steam  dried  (when  it  still  retains  2  per 
cent,  water),  broken  up,  sampled,  sacked  and  sold. 

At  Anaconda  the  anode  mud  is  discharged  through  an  opening  in 
the  bottom  of  the  electrolyzing  vat,  after  the  solution  has  been  drawn 
off  from  the  side,  into  a  V-shaped  trough  leading  into  a  tank;  from 
this  it  is  drawn  into  an  acid  egg,  and  forced  into  a  tank  in  the  refin- 
ing department,  drawn  onto  filter  cloths,  washed,  dried,  sampled,  sacked 
and  sold.  Until  recently  the  mud  was  treated  at  the  works.  It  was 
melted  down  in  a  reverberatory  furnace,  refined  by  the  addition  of  nitre, 
cast  into  small  ingots,  and  parted  with  sulphuric  acid,  the  silver  being 
precipitated  by  means  of  copper. 

The  anode  scrap  at  Great  Falls  is  remelted  in  the  converter,  while 
at  Anaconda  it  goes  back  into  the  anode  furnace. 

The  leading  facts  of  the  two  refining  plants  are  brought  together 
in  Table  XIV. 

Refining  of  Cathodes,  —  The  reverberatory  furnaces  used  for  refin- 
ing converter  and  cathode  metal  have  retained  the  pear-shaped  form  of 
the  original  Welsh  furnaces.     They  have  charging  doors  on  both  sides, 
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and  the  usual  working  and  ladling  doors  at  one  end ;  and  there  are  air 
flues  in  the  bridge  leading  onto  the  hearth. 

The  following  are  the  leading  details  of  a  standard  furnace :  length 
of  hearth,  22  feet  6  inches;  width  at  bridge,  7  feet  1.5  inches;  at  mid- 
dle, 14  feet  8  inches  ;  at  flue,  i  foot  8  inches ;  hearth  area,  225  square 
feet ;  thickness  of  hearth  at  bridge,  2  feet  7  inches  ;  at  flue,  2  feet ; 


TABLE    XIV.  —  Details  of  Electrolytic  Refineries. 


(Irkat  Falls. 

Anaconda. 

N  umber  of  laiiks 

312 

1,400 

I^Migth    "      '* 

9  ft.  9  in. 

8  ft.  2  in.  )  «    • 

Width      '•     " 

2  ft.  4  in. 

4  ft.  6  in.    -Is 

Depth      "      " 

3  ft.  9  in. 

4ft.  6  in.    11 

Number  of  tanks  per  set,  /.  e.,  luimhcr  of  tanks  using 

same  solution 

201 

200 

Number  of  anodes  per  lank 

20 

38 

"        "  cathodes  per  tank 

2() 

80 

"        "  amperes  per  square  foot  (»f  c.uhode  area 

40 

10 

Power : 

Number  of  generators 

2 

7 

**        "  circuits 

1 

7 

Amperes  generated  per  circuit 

9,000 

4,000 

Volts  per  circuit 

200 

eo 

Cliaracter  of  material  worked 

Converter  anodes 

Casting  furnace  anodes 

Kind  of  moulds  used 

Copper 

Walker 

Iron 

Casting  machines,  patteni 

Anaconda 

Converter  anodes,  per  cent.  Cu 

99.1 

"             ' As  and  Sb 

0.07 

"             "        oz.  Ag 

a;. 00 

"              "         oz.  Au. 

0.20 

"             "         per  cent,  scrap 

8.(0 

"             "         mud,  per  c;nt.  Cu 

41.0 

"            "     oz.  .Ag 

7,000.0 

"              "             "      oz.  Au 

18.0 

Refined  anodes,  per  cent.  Cu 

!>9.27 

*  99.25 

"      ••      AsandSb 

0.07 

0.10 

"       oz.  Ag 

01.14 

9(>.riO 

"             "        oz.  Au 

0.22 

0.5O 

"             "        per  cent,  scrap 

5..-) 

7.00 

"            "       mud,  per  cent.  Cu 

18.(10 

10.00 

"      oz.  Ag 

ir>,o<)o.o 

18,000.0 

••      oz.  Au 

38.00 

100.00 

Size  of  anodes : 

length 

•Xi'm. 

32Un. 

Width 

24  in. 

24} in. 

Thickness 

3in.,2iin. 

liin.,lin. 

Weight  in  pounds,  converter 

rm 

'*       "         "        refined 

G32 

23b' 

Number  of  days  corroding,  refined  anode 
"        "      *              "           converter  anode 

37 

is" 

Sire  of  cathodes : 

Ixingth 

3<U  in. 

33  in. 

Width 

20"  in. 

Ilin. 

Weight  of  starting  sheets,  Ihs. 

n 

foo' 

Weight  of  cathodes,  lbs. 

Tm 

Number  of  cathodes  on  one  bar 

1 

4 

Electrolyte  : 

Sulphuric  acid  p)er  litre,  grms. 

170 

150 

Copper  per  litre,  grm«. 
Temperature  at  head  tank,  C. 

42 

40 

tH 

60 

Circulation  per  minute,  gals. 

G 

3 

Difference  in  potential : 

Soluble  anodes,  per  lank 

0.« 

0.3 

Insoluble    "         "      " 

2  5 

2.0 

Composition  of  cathodes,  per  cent.  L\i 

9o.a-> 

99.96 

As 

0.0012 

0.0009 

"       "       Sh 

0.(K)33 

0.0023 

••         "           ../.Ag 

1.0 

0.26 
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depth  of  metal,  12  to  13  inches;  length  of  grate,  8  feet  6  inches; 
vsridth,  7  feet  1.5  inches;  depth  of  grate  below  top  of  bridge,  2  feet 
6  inches ;  ratio  of  grate  to  hearth  area,  i  :  3.7  ;  height  of  roof  above 
bridge,  i  foot  10  inches;  above  hearth  at  bridge,  2  feet  3  inches;  at 
flue,  I  foot  10  inches ;  rise  of  arch,  i  inch  per  f(X)t ;  size  of  flue  at  voil- 
catory,  3  feet  9  inches  by  19  inches ;  of  flue  leading  to  chimney,  24  by 
19  inches;  size  of  chimney,  32  by  32  inches;  height,  80  feet.  Charge: 
liquid  metal,  12^,000  pounds;  cathodes,  75,000  pounds.  Analysis  of 
bituminous  coal:  ash,  18.8;  fixed  carbon,  54.6;  proportion  of  charge 
to  coal  by  weight,  3:1;  tons  of  charge  to  number  of  poles,  4:1; 
tons  of  charge  to  bushels  of  charcoal,   1:1. 

The  method  of  working  differs  little  from  that  in  common  use, 
excepting  that  flapping  or  rabbling  is  replaced  by  blowing  with  com- 
pressed air  (see  ante) ;  the  metal  bath  in  poling  is  covered  with  char- 
coal only  toward  the  end  of  the  operation,  a  few  old  jx^les,  however, 
floating  on  the  metal ;  of  the  two  poles  inserted  through  the  working 
door,  one  is  depressed  near  the  door,  the  other  toward  the  middle  of  j 

the  furnace ;  ingots,  cakes,  and  wire  bars  are  cast  by  means  of  sus- 
pended ladles  14  inches  and  19  inches  in  diameter.  All  moulds  are  \ 
of  copper.  Cake  and  wire-bar  moulds  are  jiainted  with  a  mixture  of 
lamp  black  and  benzine ;  they  are  warmed  at  first  by  pouring  in  some  j 
copper.  Ingot  moulds  are  smoked  before  tlie  first  round  by  means  of 
burning  rosin  held  in  a  ladle.  The  tests  applied  to  the  co[)per  are  those 
of  the  Bell  Telephone  Company  for  Number  12  wire:  conductivity,  96 
to  97  per  cent.;  tensile  strength,  65,600  pounds;  torsion,  forty  twists 
in  6  inches  between  the  clamps  with  i  per  cent,  elongation.  Three 
test  bars  are  made  from  each  charge,  one  bar  being  made  when  dipping 
begins,  one  when  the  charge  is  half  out,  and  the  third  at  the  conclu- 
sion of  the  ladling.  The  test  bars  are  8  inches  long,  and  have  the  full 
cross  section  of  a  regular  wire  bar.  "  From  each  of  these  bars  a  section 
6  inches  long  by  i  inch  square  is  sawed  ;  this  section  is  rolled  into  a 
rod  and  afterward  drawn  cold  to  a  Number  12  wire,  Brown  and  Sharpe 
gauge,  on  which  all  tests  are  made.  Conductivity  tests  are  made  with 
the  Willyoung  conductivity  bridge.* 

In  conclusion,  the  writer  wishes  to  express  his  thanks  to  the  man- 
agement and  officers  of  the  different  companies  for  the  courtesies  shown 
him,  and  for  the  privilege  of  presenting  to  the  Institute  that  part  of  his 
notes  which  is  of  ic^Mieral  metallur2:ical  interest. 


1  M.  E.  Leeds  &  Co.,  IMuladelphia,  Pa. 
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RESULTS   OF  TESTS  MADE  IN  ENGINEERING 
LABOR  A  TORIES, 

XIV. 


Steam. 


Test  of  the  Westinghouse  Unit  at  Lincoln  Wharf  Power 
Station  of  Boston  Elevated  Railway  Company,  May  7,  8, 
9,   1903- 

Through  the  courtesy  of  the  directors  of  the  Boston  Elevated 
Railway  Company  and  Mr.  C.  F.  Baker,  Master  Mechanic,  permission 
to  test  the  Lincoln  Wharf  plant  was  given  the  senior  class  of  engineer- 
ing students  of  the  Massachusetts  Institute  of  Technology. 

The  test  was  carried  on  by  108  students  under  the  direction  of  the 
regular  instructing  staff  of  the  engineering  laboratories. 

The  test  was  divided  into  four  watches  of  ten  hours  each,  twenty- 
seven  men  under  the  direction  of  two  instructors  working  on  each 
watch. 

Only  one  of  the  three  units  in  the  station  was  tested.  This  unit 
was  separated  entirely  from  the  others.  In  every  case  where  there  was 
a  possibility  of  leakage  pipes  were  cut  and  blanked.  This  necessitated 
many  changes. 

Steam  was  furnished  to  the  engine  from  four  Babcock  and  Wilcox 
boilers,  three  of  which  were  provided  with  superheating  pipes  in  the 
first  gas  passage.  The.se  four  boilers  supplied  nothing  but  the  engine. 
The  auxiliaries,  including  two  stoker  engines  and  the  air  pump,  were 
supplied  with  steam  drawn  from  another  battery.  The  steam  supplied 
to  these  auxiliaries  was  measured  by  means  of  orifices  through  which 
the  steam  flowed  on  the  way  to  each. 
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In  this  way  it  was  possible  to  find  the  steam  supplied  to  the  engine 
with  greater  accuracy  than  if  the  auxiliaries  had  been  fed  from  the  same 
boilers. 

Previous  to  starting  the  test  the  engine  had  been  running  for  some 
hours  at  the  load  maintained  constant  during  the  test. 

The  electrical  output  was  kept  as  nearly  constant  as  possible ;  dur- 
ing the  day  this  was  accomplished  by  making  up  with  another  machine 
the  extra  amount  demanded  from  this  station ;  during  the  night,  when 
the  demand  was  less  than  the  load  on  the  engine,  a  water  rheostat  was 
connected  across  the  line. 

As  students  were  stationed  at  five  different  levels  in  both  the  boiler 
room  and  the  engine  room,  the  accompanying  chart  was  printed  for  the 
students  to  enable  them  to  locate  all  points  where  observations  were  to 
be  made. 

This  chart  together  with  the  list  of  stations  shows  clearly  what 
obser\ations  were  taken  and  the  arrangement  of  piping  as  changed  for 
the  test. 
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List  of  Stations,  Duties,  etc.     Lincoln  Wharf  Power  Station,  Atlantic 

Avenue,  Boston. 


No.  OP 
.  Station. 


6 
7 
8 
9 
10 

11 

12 
13     { 

14 

15 

16 

17 

18 


Duties. 


Weigh  coal  for  boiler  No.  18 

Weigh  coal  for  boiler  No.  20 

Take  temperature  in  flue,  boilers  No.  18  and  No.  20 

Take  draft  readings  in  flue,  boilers  No.  18  and  No.  20 

Take  temperature  of  feed  water  entering  and  leaving  economizer 

For  boilers  No.  17  and  No.  19 
Same  as  Station  1 

Take  temperature  in  main  flue 

Take  samples  and  analyze  gases  from  main  flue 

Take  temperature  of  steam  from  boiler  No.  18 
Take  temperature  of  steam  from  boiler  No.  20 
Take  draft  in  uptake,  boiler  No.  18 
Take  draft  in  uptake,  boiler  No.  20 
Take  temperature  in  uptake,  boiler  No.  18 
Take  temperature  in  uptake,  boiler  No.  20 

Same  as  Sution  4  for  boilers  No.  17  and  19 

Weigh  feed  water 

Weigh  feed  water 

Weigh  feed  water 

Weigh  feed  water 

Weigh  feed  water 

Read  boiler  gauge  at  header 

Take  temperature  of  steam  at  header 

Take  pressures  at  flow  of  steam  apparatus  for  stoker  engine,  boilers 

No.  17  and  No.  19 
Take  pressures  at  flow  of  steam  apparatus  for  stoker  engine,  boilers 

No.  18  and  No.  20 
Take  temperature  of  feed  water  in  tank 

Take  ammeter  and  voltmeter  readings  for  feed-pump  motor 

Weigh  ashes,  boilers  No.  18  and  No.  20 
Weigh  ashes,  boilers  No.  17  and  No.  19 

Take  drip-can  readings  for  separator 

Take  drip-can  readings  for  throttle  and  valve  chest 

Weigh  drip  barrel  from  receiver  drip  trap 

Take  indicator  cards :  high  pressure  cylinder,  head  end 
Mark  cards  "  H.  H.,"  also  with  date  and  time 

Take  indicator  cards :  high  pressure  cylinder,  crank  end 
Mark  cards  "  H.  C,"  also  with  date  and  time 
Take  temperature  of  steam  supply 
Take  temperature  of  steam  in  receiver 

Take  indicator  cards :  low  pressure  cylinder,  head  end 
Mark  cards  "  L.  H.,"  also  with  date  and  time 

Take  indicator  cards :  low  pressure  cylinder,  crank  end 
Mark  cards  "  L.  C,"  also  with  date  and  time 
Collect  all  four  cards  and  carry  to  planimeter  table 

Keep  time 

Ring  gong  every  fifteen  minutes. 

One  stroke  on  the  minute 

Two  strokes  ten  seconds  before  minute 

Three  strokes  thirty  seconds  before  minute 
Read  pressures  at  gauge  board 
Boiler,  receiver,  vacuum 
Read  engine  counter  and  assist  at  planimeter  table  on  air-pump  cards 

Read  counter  at  air  pump.     Stroke 

Take  indicator  cards:  air  pump,  head  end,  and  pump  end.     High 

pressure  cylinder 
Mark  cards  "  A.  H.."  also  with  date  and  time 
t^rry  all  cards  to  planimeter  tabic 


Location. 


Economizer  level,  boilers 
No.  18  and  No.  20 


Economizer  level,  boilers 
No.  17  and  No.  19 

Economizer  level,  boilers 
No.  17  and  No.  19 


Top  of  boilers  No.  18 
and  No.  20 


Top  of  boilers  No.  17 
and  No.  19 


Boiler  room.    Water 
weighing  platform 


Boiler  room  floor 

Boiler  room  floor 
Ash  pit  floor 

Yard  near  boiler  hoaae 

Engine  platform 

Engine  platform 

Engine  platform 
Engine  platfonn 

Engine  room  floor 
Engine  foundation  floor 
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List  of  Stations,  Duties,  etc.     Lincoln  Wharf  Power  Station,  Atlantic 
Avenue,  Boston. —  Continued, 


No.  OF 

Station. 


21 

22 
\  and  24 

25    -j 

26 
27 


Duties. 


Take  indicator  cards:  air  pump,  head  end  and  crank  end.     Low 

pressure  cylinder 
Mark  cards  "A.  L./'  also  with  date  and  time 
Take  temperatures  and  pressures  flow  of  steam  apparatus 

Read  hook  ]^uge  at  weir 

Take  temperature  of  feed  water  entering  and  leaving  heater 

Take  temperature  of  injector  water  entering  and  leaving  condenser 

Read  wattmeter  and  voltmeter,  one-half  minute  intervals 

Planimeter  areas.    High  pressure  cylinder  cards 

Draw  and  measure  ordinates,  length,  per  cents.,. cut-ofiF,  release,  and 

compression 
Tabulate  results 

Same  as  Station  25  for  low  pressure  cylinder  cards 

Planimeter  areas :  air  pump  cards 
Draw  end  ordinates  and  measure  lengths 
Tabulate  results 


Location. 


Engine  foundation  floor 

Engine  foundation  floor 
Switch  board 

Engine  room  floor 
Engine  room  floor 

Engine  room  floor 


Remarks. 

There  was  some  difficulty  in  keeping  the  safety  valves  on  the 
boilers  from  blowing.  To  prevent  this,  air  was  admitted  to  the  boilers 
through  the  cleaning  doors  on  the  side  of  the  setting.  This  cut  down 
the  efficiency  of  the  boilers  and  also  reduced  the  saving  made  in  the 
economizers. 

Samples  of  flue  gas  showed  a  large  percentage  of  free  oxygen  and 
but  little  carbonic  acid. 

With  three  boilers  supplying  the  steam  instead  of  four,  the  economy 
of  the  plant  would  have  been  greater. 

A  considerable  quantity  of  coal  dropped  through  the  grates  into 
the  ash  pit.  This  coal  was  weighed  back  and  returned  to  the  coal 
pocket  according  to  the  regular  custom  at  this  station. 

Twice  during  the  test  the  engine  exhausted  outboard  owing  to  the 
stopping  of  the  air  pump.  The  total  time  during  which  the  engine  was 
without  vacuum  was  a  little  less  than  two  hours. 

The  electrical  output  of  the  engine  was  dropped  about  50  per  cent, 
during  these  periods. 

The  thermometers  used  in  measuring  the  temperature  of  the  steam 
at  the  top  of  the  boilers  gave  considerable  trouble  from  the  separation 
of  the  mercury  thread  due  to  vibrations.  This  may  have  caused  an 
error  of  from  one  to  two  degrees  in  the  average  of  some  of  these 
readings. 
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On  calculating  the  tests  it  was  found  that  the  output  of  electrical 
horse  power  differed  from  the  indicated  power  only  by  about  112  horse 
power. 

The  indicator  springs  were  tested  and  found  to  be  practically  cor- 
rect. The  electrical  instruments  were  calibrated  a  second  time  without 
appreciable  change  of  result.  It  was  finally  discovered  that  there  was 
some  lost  motion  in  the  indicator  rigs.  The  indicator  rig  consisted  of 
a  long  rod  which  ran  up  the  side  of  the  cylinder,  and  which  received 
a  partial  rotation  at  each  stroke.  This  motion  was  obtained  from  the 
crosshead  through  a  stud  which  bore  against  a  helical  plate  fastened  to 
the  long  rod.     A  spring  served  to  keep  the  stud  and  helix  in  contact. 

To  determine  the  error  due  to  this  lost  motion  two  diagrams  were 
taken  on  the  same  card,  one  with  the  lost  motion  taken  up  and  one 
with  the  indicator  rig  as  it  commonly  runs. 

The  engine  at  the  time  these  cards  were  taken  was  under  a  constant 
load,  which  was  kept  the  same  as  during  the  test.  From  the  various 
sets  of  cards  taken  it  seems  that  the  indicated  power  of  the  engine 
should  be  increased  by  about  4.5  per  cent,  to  get  the  correct  value. 


TEST    OF    THE    LINCOLN    WHARF    POWER    STATION    OF    THE    BOSTON 
ELEVATED   RAILWAY    COMPANY. 

Date  of  test,  Thursday,  May  7,  1903,  2.15  p.m.,  to  Saturday,  May  9,  1903,  6.15  P.M. 
Duration  of  test,  forty  hours. 

Engine  Room  Data. 

Main  Engine : 

Type  of  engine,  Westinghouse-Corliss,  vertical  cross  compound. 

Diameter  of  high  pressure  cylinder 44  inches 

Diameter  of  high  pressure  piston  rod 9  inches 

Diameter  of  low  pressure  cylinder 87  inches 

Diameter  of  low  pressure  piston  rod 10  inches 

Stroke 60  inches 

Ratio  of  the  volumes  of  the  high  and  of  the  low  pressure  cylinders     .  :  to  3.91 

Ratio  of  the  crank  to  the  connecting  rod i  to  5^ 

Revolutions  per  minute 74-37 

Pressures  and  Temperatures : 

Pressure  of  steam  at  throttle  (gauge) 1 58.1  pounds 

Temperature  of  steam  at  throttle 439-3°  ^• 

Temperature  corresponding  to  throttle  pressure  absolute    .         .         .  369.6°  F. 

Degrees  of  superheat 69.7°  F. 

Pressure  in  receiver  (gauge) .  16.9  pounds 

Temperature  of  steam  in  the  receiver 301 -5°  F- 

Vacuum  in  condenser  (gauge) 1 1 .8  pounds 

Barometer - 14.7  pounds 
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Events  of  Stroke. 

Cut-off 
Release 
.  Compression 


Per  Cent,  of  Piston  Displacement: 

High. 

Head  end. 
25.6 


98.2 
8.4 


Crank  end. 

25-5 
97.0 

13-5 


Cut-off 
Release 
Compression 


I.0W. 

Head  end. 
38.2 

95-3 


Crank  end. 
32.8 
95.6 


Pressures  from  Indicator  Cards  {Absolute  y  Pounds  per  Square  Inch) : 


High  Prbssurb  Cylinder. 
Head  end. 


Low  Prbssurb  Cylindbr. 

Head  end.   Crank  end. 


23.2 
9-4 
5-4 

14.14 


Initial  .         .  165.4  168.5  Initial   . 

Cut-off  .         .       136.6  135.6  Cut-off 

Release  .        40.1  44.7  Release 

Compression         .         39.2  41.7  Compression 

M.  E.  P.        .         .         55.34  57.66  M.  E.  P. 

Air  Pump : 

Type,  Blake  Vertical  Compound,  with  link  cross  connection  between 

piston  rods 16"  and  28"  by  21 

Revolutions  of  pump  per  minute 

Plow  of  Steam  for  Air  Pump: 

Diameter  of  orifice  used 

Pressure  on  supply  side  of  orifice  (gauge)     . 

Temperature  of  steam  on  supply  side  of  orifice    . 

Pressure  on  delivery  side  of  orifice  (gauge) 

Temperature  of  steam  on  delivery  side  of  orifice 
Condensing"  Water  and  Condensed  Steam  passing  over  Weir  : 

Hook  gauge  (depth  of  water  passing  over  weir)   . 

Width  of  weir 

Distance  from  crest  of  weir  to  bottom  of  weir  box 

Temperature  of  water  entering  condenser 

Temperature  of  water  and  condensed  steam  passing  over  weir 

Formula  for  calculating  cubic  feet  per  second  of  water  passing  over  weir : 


30.6 

24.1 
9.8 
4.9 

13-49 


'  stroke 
23-75 


.636  inches 
149.7  pounds 

371.5''  F- 
90.0  pounds 

349.7°  F. 

8.78  inches 

2  feet 

I  foot 

50.5*'  F. 

93**^- 


<2  =  3.36  ^[(^+ >*)'->*']. 


H=^  hook  gauge  head  in  feet. 
h  =  head  due  to  velocity  of  approach. 
b  =  length  of  crest  in  feet. 

Drip  Steam : 

Total  drip  from  separator  (forty  hours) 

Total  drip  from  throttle,  valve  chest,  etc.  (forty  hours) 

Total  drip  from  receiver  (forty  hours) 

Boiler  Room  Data. 
Coal: 

Total  coal  weighed  in  hoppers  (forty  hours)          .... 
Total  coal  dust  weighed  back  and  returned  to  the  coal  pocket    . 
Total  coal  burned  (forty  hours)  charged  to  the  boilers 
Total  ash  (forty  hours) 

Totals  for  Each  Boiler : 

(a)  Total  coal  weighed  in  hoppers  (forty  hours),  pounds. 

(b)  Total  coal  dust  weighed  back  and  returned  to  coal  pocket  (forty  hours),  pounds. 

(c)  Total  ash  (forty  hours),  pounds. 


1,650  pounds 

1,610  pounds 

920  pounds 


3 '5.370  pounds 
56,948  pounds 

258,422  pounds 
50,776  pounds 
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(a)  ... 

(*)      ... 
W      ... 

Chemical  Analysts  of  Coal: 


Boiler  No.  17. 
94»46o 
24.577 
14,177 


Volatile  matter,  per  cent. 
Fixed  carbon,  per  cent. 
Ash,  per  cent. 
Moisture,  per  cent. 


Boiler  No.  17. 
.     20.63 
•     65.39 
.      II.71 
2.27 


Boiler  No.  19. 
82,856 

"9»35o 
12,421 

Boiler  No.  19. 

19.38 
70.11 

9.00 

1.52 


Boiler  No.  18. 

67,888 

6,436 

".743 


Boiler  No. » 
70,166 

6,585 
J2M35 


BoUer  No.  18. 
21.88 

66.55 
9.62 

i.8s 


BoUer  No.  20. 

19.02 

70.66 

8.72 

I.61 


Average 

of  four. 

2a23 

68.13 

9.76 

1.81 


Heat  of  combustion  by  Mahler  bomb 14*420  B.  T.  U. 


Chemical  Analysis  0/  Ash  —  Average  of  Three  Determiftations  : 

Volatile  matter,  per  cent 

Fixed  carbon,  per  cent. 

Ash,  per  cent. 

Moisture,  per  cent 


14.67 

65.6S 

19.65 

aoo 


Water  and  Steam : 

Total  feed  water  (forty  hours)       .... 
Total  steam  supplied  to  main  engine  (forty  hours) 

Temperatures  of  the  Feed  JVater: 

Entering  the  primary  heater  .... 

Leaving  the  primary  heater 

At  tank  on  boiler  room  floor         .... 
Entering  economizer  of  boilers  No.  17  and  No.  19 
Leaving  economizer  of  boilers  No.  17  and  No.  19 
Entering  economizer  of  boilers  No.  18  and  No.  20 
Leaving  economizer  of  boilers  No.  18  and  No.  20 


1,889,325  pounds 
1,886,065  pounds 

54.7^  F. 
135.5^  F. 
I33.2<>  F. 

133.5*'  F. 
205.5^  F. 
1351*'  F. 
217.9**  F. 


Temperature  of  Steam  at  Boilers  : 

No.  17  =  436.3**  F.     No.  19  =  47  M®  F.     No.  18  =  443.7®  F.     No.  20  a 

Boiler  pressure  at  header  (gauge) 

Temperature  of  steam  at  header %       .        . 

Degrees  of  superheat  in  steam  at  header 

Temperature  and  Draft  of  Flue  Gases  in  Uptake : 

Boiler  No.  17.  Boiler  No.  19. 

Temperature  .     400.8**  F.  413.8**  F. 

Draft  (inches  of  water)  .57  .59 

Temperature  of  flue  gas  in  main  flue  near  stack  . 


.367.7»F. 
16 1. 6  pounds 
450.9**  F. 
79.6**  F. 


Boiler  No.  18. 
456.8**  F. 

•55 


Temperature  of  flue  gas  in  flue 
Flow  of  Steam  {Stoker  Engines)  : 

Diameter  of  oriflce  used  (inches) 
Pressure  on  supply  side  of  orifice  (gauge) 
Pressure  on  delivery  side  of  orifice  (gauge)  . 

Surfaces : 

Total  heating  surface,  four  boilers  (square  feet) 
Total  grate  surface,  four  boilers  (square  feet) 


Boiler  No.  20. 
492.6**  F. 

•55 

282.0**  F. 

Boilers  No.  17  and  No.  19=  289.4**  F. 
Boilers  No.  18  and  No.  20=  291.4**  F. 


BoUers  No.  17 
and  No.  19. 

.204 

1 46. 1  pounds 

130.0  pounds 


BoUeri  No.  18 
and  No.  20. 

.205 

153.0  pounds 

138.2  pounds 


21,200 
360 


Test  of  the   Westinghouse  Unit, 
Results  of  Engine  Test. 
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'Engine,  Horsb  Powbr,  from  Cards  as  Takbm. 

High  preaaure  cylinder 
Head  end.  948.2 ;  crank  end,  946.6.    Total 

1,894.8  H.  P. 

Low  pressure  cylinder 
Head  end,  947.2 ;  cnnk  end,  891.7.    Total 

1,838.9  H.  P. 

Total  horse  power  of  engine 

3,734.0  H.  P. 

Horse  power  of  engine  corrected  for  error  of  indicator  rig  (see  Remarks) 

3,902.0  H.  P. 

From  Data. 

Corrhctbd 
Valubs. 

Steam  furnished  engine  per  horse  power  per  hour 

12.63  lbs. 

12.08 

B.  T.  U.  per  horse  power  per  minute  (actual  vacuum) 

295.7 

223.4 

1,007,223  lbs. 

Condensing  water  per  hour 

960,006  lbs. 

246.2  lbs. 

Thermal  efficiency  of  engine 

18.00% 

Efficiency  of  Camot  engine  working  between  same  temperatures 

33.24% 

Thermal  efficiency  of  engine  in  per  cent,  of  Camot  engine  efficiency 

64.14% 

Electrical  horse  power  output,  2,702  kilo  watts 

3,622  H.  P. 

Mechanical  efficiency  of  engine 

92.8% 

Dry  coal  per  electrical  horse  power  output  p«r  hour 

1.75  lbs. 

Dry  coal  per  kilo  watt  per  hour 

2.34  lbs. 

Steam  used  by  air  pump  (forty  hours) 

106,470  lbs. 

Steam  furnished  to  air  pump  in  per  cent,  of  engine  steam 

6.80% 

Air  pump  steam  in  per  cent,  total  steam  to  mam  engine  and  air  pump 

5.295 

The  results  of  the  boiler  test  are  given  on  the  next  page. 
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Results  of  Boiler  Test. 


Total  water  feed  to  boilers  (forty  hours) 

Total  coal  charged  to  boilers  (forty  hours) 

Per  cent,  fnoisture  in  coal 

Total  dry  coal  burned  (forty  hours) 

Degrees  of  superheat  in  steam  at  header 

Average  temperature  of  feed  water  entering  economizers 

Average  temperature  of  feed  water  leaving  economizer 

Total  B.  T.  U.  taken  up  by  one  pound  of  water  (boilers  and  economizers) 

Equivalent  evaporation  from  and  at  212'^  F.  i^er  pound  of  dr>'  coal 

Boiler  horse  power  developed 

Efficiency  of  boiler  plant  (per  cent.) 

Heat  recovered  by  economizer  in  per  cent,  of  total  heat  taken  up  from  coal 

Dry  coal  burned  jier  square  foot  of  grate  surface  per  hour 

Water  evaporated  from  and  at  212^  F.  per  square  foot  of  heating  surface  per  hour 

Heat  recovered  from  engine  exhaust  by  primary  heater  per  pound  of  feed  water 

Heat  recovered  from  prinury  heater  per  pound  of  coal 

Per  cent,  of  saving  in  coal  effected  by  primary  heater 

Steam  used  in  forty  hours  by  stoker  engines 

Stoker  engine  steam  in  per  cent,  of  engine  steam 

Steam  for  stoker  engines  in  per  cent,  total  steam  to  main  engine  and  stokers 

Steam  for  air  pump  and  stoker  engines  in  per  cent,  total  steam  for  plant 


1,889,325  lbs. 
258,422  lbs. 

1.81 
253,745  lbs. 
79.6°  F. 
134.3°  F. 
211.7^  F. 
1,130.«  B.  T.  U. 
8.718  lbs. 
1,608 
S8.4 
6.9% 
17.62  lbs. 
2.G04  lbs. 
80.9  B.  T.  U 
691.4  B.  T.  U. 

7.15% 
13,172  lbs. 


I  .e»T% 

I    5.91%  (inc.  drip),  6J 
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